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Recurrent selection was first described as a breeding method for 
population improvement in cross-pollinated crops. In recent years, it 
also has been used in self-pollinated crops. The method has three basic 
steps: a) parents are mated to form a population, b) the population is 
evaluated to identify superior individuals, and c) the superior 
individuals are recombined to form a population for the next cycle of 
selection. 
Brim (1973) indicated that the use of recurrent selection in self-
pollinated crops was limited due to difficulties in obtaining a large 
number of hybrid seed, the small number of seed set per cross, and the 
time required to complete one cycle of selection. Despite these 
limitations the method has been used with success in several crops for 
different traits. Kenworthy and Brim (1979) and Sumarno and Fehr (1982) 
increased the seed yield of soybean after three cycles of recurrent 
selection. Prohaska and Fehr (1981) observed an increase in resistance 
to iron-deficiency chlorosis of soybean after two cycles of selection. 
Avey et al. (1982) used recurrent selection to obtain early heading in 
winter wheat. 
The genetic gain of a population by recurrent selection is dependent 
upon the plant breeder's decisions regarding the amount of testing used 
to evaluate individuals from a population and the amount of recombination 
among the selected individuals to form a new population. The genetic 
gain per year is dependent on the number of years required to complete a 
cycle of selection. Eberhart (1972) indicated that the amount of time 
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for testing and for recombination is an important factor for the plant 
breeder to consider. 
No reports have been found in which there was an evaluation of the 
actual genetic improvement in seed yield with varying levels of yield 
testing to select the superior individuals and different numbers of 
generations of intermating among the selected individuals. Fehr and 
Ortiz (1975a) calculated the predicted genetic gain per year for seed 
yield of soybean [Glycine max (L.) Merrill] and concluded that the 
genetic gain decreased as the number of years of yield testing increased. 
There have been conflicting results in determining the relationship 
of number of generations of intermating and the performance of individual 
lines derived from a population. Hanson (1959) in a theoretical study 
concluded that three or four generations of intermating would be 
desirable before initiating the selfing phase of a population. However, 
Pederson (1974) and Bos (1977), also in theoretical studies, found that 
intermating of plants, depending on the initial gametic configuration, 
may not be used for increasing the frequency of desirable plants in a 
population-
There have been empirical studies to estimate the effect of number 
of generations of intermating on performance of individuals derived from 
a population. Meredith and Bridge (1971) observed reduction in genetic 
variances for lint yield and seed index in cotton with an increasing 
number of intermating generations. Altman and Busch (1984) reported that 
random mating within single-cross populations of spring wheat (Triticum 
aestivum L.) did not consistently increase the genetic variance for grain 
yield or improve the frequency of high-yielding lines. No reports have 
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been found in which the relationship between the number of generations of 
intermating and the genetic gain from recurrent selection for seed yield 
have been evaluated. 
The objectives of my research were: 
(1) to evaluate the genetic improvement for seed yield among lines 
selected from AP6 populations developed by alternative strategies of 
recurrent selection, 
(2) to compare the response of selection for strategies with one and two 
stages of yield testing between cycles of selection, 
(3) to compare the response of selection for strategies with one and 
three generations of intermating between cycles of selection, and 
(4) to compare the strategies of recurrent selection with a conventional 
breeding program. 
4 
LITERATURE REVIEW 
"The proportion of superior genotypes occurring in a heterozygous 
population is a function of the frequency of desirable genes in the gene 
pool" (Allard, 1960). Recurrent selection, in its most broad sense, is a 
cyclical system of plant selection where the main objective is to 
increase frequency of the favorable alleles for a particular 
characteristic in a population and to improve the population mean for 
that characteristic without a marked loss of genetic variability 
(Hallauer, 1981). 
The first person to give a detailed description of the concept of 
recurrent selection was Jenkins (1940). The term recurrent selection, 
first used by Hull (1945), was the result of work in corn to improve a 
population for specific combining ability. According to Hull (1952), 
"recurrent selection was meant to include reselection generation after 
generation, with interbreeding of selects to provide for genetic 
recombination. " 
Allard (1960) indicated that there are four types of recurrent 
selection, if one considers the way that plants with favorable 
characteristics are identified: (1) simple recurrent selection or 
recurrent selection for phenotype, (2) recurrent selection for general 
combining ability, (3) recurrent selection for specific combining 
ability, and (4) reciprocal recurrent selection. All four types consist 
of three basic steps: (1) parents are intermated to form a population, 
(2) individuals from the population are evaluated to identify the 
superior ones, and (3) the best individuals are recombined to form a new 
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population for the next cycle of selection. 
Comstock (1977) mentioned five important requirements in designing a 
recurrent selection program: (1) the objective of the program, (2) the 
base population, (3) the system of selection, (4) the criteria of 
selection, and (5) the effective population size. He also pointed out 
three conditions for the successful use of recurrent selection: (1) 
epistasis does not impede gain from recurrent selection, (2) the criteria 
of selection should be able to compile the most useful alleles of every 
segregating gene, and (3) effective population size should be large 
enough to minimize genetic drift. 
Recurrent Selection in Self-Pollinating Species 
Self-pollinating species have been improved successfully through 
traditional breeding methods. Fehr and Ortiz (1975a) reported that 
recurrent selection should give genetic gain for characteristics such as 
yield, when sel fed progenies are tested and the best ones are recombined 
to form a population for the next cycle of selection. Despite the 
theoretical advantages, the method, has not been widely used in self-
pollinating species (Brim and Burton, 1979). 
There are reports describing that recurrent selection has been an 
efficient breeding method for improving quantitative characteristics in 
self-pollinating species such as oats (Khadr and Frey, 1965; Stuthman and 
Stucker, 1976), cotton (Miller and Rawlings, 1967), tobacco (Matzinger 
and Wernsman, 1968), sorghum (Doggett, 1972), soybeans (Brim, 1973; Fehr 
and Ortiz, 1975a; Brim and Burton, 1979; Kenworthy and Brim, 1979; 
Prohaska and Fehr, 1981; Sumarno and Fehr, 1982), and wheat (Avey et al.. 
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1982; Busch and Kofoid, 1982; Loffler et al., 1983). However, there are 
some limitations in conducting a recurrent selection breeding program in 
self-pollinating species. 
For some self-pollinating crops such as oats, rice, soybeans, and 
wheat, the limitations for a recurrent selection program have been 
attributed to: (1) the difficulty in obtaining the large number of 
artificial crosses needed during the recombination phase (Khadr and Frey, 
1965; Compton, 1968; Doggett, 1972; Brim, 1973; Brim and Stuber, 1973); 
(2) the small number of seeds set per cross (Brim, 1973; Brim and Stuber, 
1973; Brim and Burton, 1979; Burton and Brim, 1981); and (3) time 
required to complete one cycle of selection (Brim, 1973). 
In soybeans. Brim and Stuber (1973) mentioned that the number of 
seeds set per cross varies from one to two only and even with well 
trained personnel, a large number of crosses is not easy to obtain. 
However, for some self-pollinating crops like sorghum and barley, where 
male sterility is available and pollen is dispersed by the wind, enough 
hybrid seed can be produced to conduct as proposed by Gilmore (1964). 
Busch and Kofoid (1982) indicated that the recombination phase is 
not a problem in wheat, but evaluation of the lines was the bottleneck 
for efficient use of recurrent selection. Brim and Burton (1979) also 
mentioned that evaluation of the material could be a limiting factor for 
use of recurrent selection in soybeans. 
Male sterility has been considered an alternative for overcoming the 
limitations previously mentioned (Gilmore, 1964; Doggett and Eberhart, 
1968; Doggett, 1972; Brim and Stuber, 1973). Doggett (1972) stated that 
random mating populations are possible in some self-pollinating species 
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due to the discovery of genetic male sterility. Brim and Stuber (1973) 
outlined a method of recurrent selection using genetic male sterility to 
increase natural crossing in self-pollinating species such as soybeans. 
Fehr and Ortiz (1975a) pointed out a drawback in testing segregating 
male-fertile and male-sterile progenies for seed yield. The number of 
male-sterile plants would not necessarily be equal for all families in a 
test, which would bias the results, because the male sterile plants would 
not have any seed yield. Therefore, for characteristics where testing 
would not be affected by the unequal number of male-sterile and male-
fertile plants, male sterility would be a useful tool for eliminating 
hand pollination. 
In soybeans, Fehr and Ortiz (1975a), working with recurrent 
selection for seed yield, stated that a large number of crosses and a low 
number of seeds per cross were not limitations in their program. They 
increased the number of crosses by using an efficient procedure of hand 
pollination that included reduced pollen transportation, less information 
written on the crossing tag, and non-emasculation. 
Once the limitations previously mentioned can be overcome by using 
an efficient procedure of hand pollination as suggested by Fehr and Ortiz 
(1975a), male sterility as proposed by Brim and Stuber (1973), or any 
other possible alternative, recurrent selection can become widely used 
among self-pollinating species. 
The amount of genetic improvement obtained in a population by 
recurrent selection may be dependent on the amount of testing conducted 
to identify superior individuals and the amount of recombination among 
the selected individuals to form a new population for the next cycle of 
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selection. The length of time used for testing and for recombination is 
an important consideration (Eberhart, 1972). 
Fehr (1976) mentioned three possibilities for increasing genetic 
gain per year in a recurrent selection program: (1) reduce the amount of 
time to complete one cycle of selection, by using a winter nursery or 
greenhouse, (2) increase genetic variability, by the use of more parents 
for population development, and (3) increase the number of genotypes 
tested by use of computers and field-plot equipment. Combining these 
techniques, Fehr (1976) outlined an 8-year program to develop a soybean 
variety for the State of Iowa, in which as many as four generations were 
grown in a winter nursery in Puerto Rico. 
Single-seed descent can be used to decrease the amount of time spent 
to complete one cycle of selection. The method was proposed by Goulden 
(1939) and outlined by Brim (1966) as the modified pedigree method. The 
method permits the use of artificial environments to obtain more than one 
generation per year. In each generation, one or two seeds are randomly 
harvested from each plant to form the next generation. The process is 
continued until the desirable level of homozygosity is reached. Empig 
and Fehr (1971) compared methods of generation advance in soybeans. They 
concluded that single-seed descent was the best sampling procedure 
because it minimized the effect of natural selection. 
Compton (1968) proposed a procedure for reducing the number of 
crosses required to intermate self-pollinating species. After crossing n 
lines together and inbreeding the populations by the single-seed descent 
to near homozygosity, one random line would be picked from each 
population for yield evaluation. The top 10% of the lines would be 
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selected and recombined. Only one seed from each mating would be used to 
form the population for the next cycle. He pointed out that by selecting 
among lines from different crosses, the theoretical gain would be twice 
as great as selecting among lines from the same population. 
An early generation test is another way of shortening the length of 
time spent to complete one cycle of recurrent selection. Lines are 
evaluated as F^- or F^-derived lines, instead of delaying evaluation 
until F^- or F^-derived lines are available, as is normaly done in 
conventional breeding programs. 
Recurrent selection for seed yield can involve one or more years of 
replicated yield testing of the individuals to form a population, Fehr 
and Ortiz (1975a) calculated the expected genetic gain per year for seed 
yield of soybean and found that the genetic gain decreased as the number 
of years of testing increased. However, no reports have been found in 
which the observed genetic gain in seed yield with varying levels of 
years of testing to select the superior individuals was evaluated. 
Kenworthy and Brim (1979) and Sumarno and Fehr (1982) conducted 
three cycles of recurrent selection for seed yield in soybean using one 
year of yield testing. They obtained yield increases, but it is not 
known if the observed genetic gain by recurrent selection in both studies 
could have been increased by more extensive yield testing to more 
effectively identify the lines with the greatest potential for yield. 
Increasing genetic variability in a population was mentioned by Fehr 
(1976) as a way of enhancing genetic gain in a recurrent selection 
program. Allard (1960) pointed out that the opportunity for 
recombination is limited in self-pollinating species, where rapid selfing 
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leads to homozygosity. Optimum combinations of desirable genes can be 
lost in the recombination process due to the randomness of fixation and 
to linkage. Doggett (1972) mentioned that one of the weaknesses of 
traditional breeding methods is the limited amount of crossing which 
results in keeping alleles together in linkage groups. Jensen (1970) 
indicated that genetic variability and recombination potential sometimes 
are low because the initial gene pool is too small. 
Cyclic crossing and inbreeding are normally used in breeding 
programs such as recurrent selection. Under such conditions, the 
maintenance of linkage blocks would be favored and genetic variability 
would not be maintained enhanced because new genotypic combinations could 
not be formed. Hanson (1959) recommended that at least one or two, and 
preferably three or four, generations of intermating should be used 
preceding the selfing phase to insure the breakup of linkage blocks. He 
also recommended that at least four parents should be used for 
intermating to form the new population. 
There have been conflicting reports from studies on the importance 
of generations of intermating. In- theoretical studies, Hanson (1959), 
Baker (1968), and Jensen (1970) showed a positive relationship between 
generations of intermating and the increase of genetic variability in a 
population. Also based on theoretical studies, Pederson (1974) found 
that intermating an population from a cross of two homozygous lines 
only was beneficial for two loci if the genes were linked in the 
repulsion phase. Bos (1977) concluded that intercrossing of F, 
individuals in a population cannot be considered as a possibility for 
increasing the number of individuals with desirable genotypes. 
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There have been empirical studies to investigate the relationship of 
generations of intermating with the genetic recombination and with the 
performance of individuals derived from a population. Meredith and 
Bridge (1971) observed reduction in genetic variances for lint yield and 
seed index in cotton with intermating. Altman and Busch (1984) worked 
with random intermating before selection within single-cross populations 
of spring wheat. They concluded that increasing the number of 
intermating generations did not consistently increase genetic variance 
for grain yield or improve the frequency of high-yielding lines. 
Humphrey et al. (1969) suggested that recombination in self-
pollinating species may cause an internal imbalance. In self-pollinating 
species, because of the continued selfing process, genes tend to be 
arranged in a balanced way or tend to be combined in stable blocks that 
favor the genotype. Recombination may break up the balanced groups of 
genes causing an internal imbalance that may not favor the new genotypes 
that are formed. Matzinger et al. (1972) conducted two cycles of 
recurrent selection for alkaloid level in tobacco. The lines were 
recombined twice between each cycle of selection. The internal balance 
was not upset by the selection and recombination process. 
Martin (1982) stated that soybean breeding during the last 50 years 
has resulted in a significant loss of genetic diversity compared with the 
genetic variation originally available. He indicated that it has 
occurred because a relatively small number of lines were recombined by 
the breeders. He concluded that the genetic improvement of soybeans has 
been made at the expense of the genetic variability. 
Falconer (1960) stated that the genetic variability lost by genetic 
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drift is related to effective population size. A small effective 
population size increases the chances for genetic drift which results in 
a decrease in genetic variability. The reduction in genetic variability 
can be a limiting factor in a long-term breeding program (Brim and 
Burton, 1979). Baker and Curnow (1969) conducted a simulation study on 
the impact of effective population size. Their results indicated that 
progress can be made for five cycles of selection with a population size 
equal to four. They also concluded that there would be no advantage to 
use more than 16 parents in an attempt to make immediate genetic 
progress. 
Baker (1968), in a simulation study, computed the number of 
generations of intermating necessary to avoid genetic drift in a self-
pollinating species. He found that if the breeder wants to increase the 
chances of selecting desirable alleles, one generation of intermating 
with as few as 20 to 30 pairs of F2 individuals would be close to a 
random mating situation, and that genetic drift would be avoided. He 
also pointed out that recurrent selection would be a useful tool in 
exploiting all the variability available. 
No studies have been found in the literature in which the 
relationship between number of generations of intermating and the 
observed genetic gain from recurrent selection for seed yield was 
evaluated. 
Improvement of a quantitative characteristic in self-pollinating 
species using recurrent selection assumes additive genetic variance as 
the predominant type of genetic variability present in the population. 
Horner and Weber (1956) conducted a theoretical study on populations of 
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self-pollinating species. For maturity date of soybeans, the best fit 
was obtained by a completely additive model which was able to explain 96% 
of the variation present. Brim and Cockerham (1961) also found that 
additive genetic variance was the predominant component of genetic 
variability for several characteristics of soybeans, such as flowering 
time, maturity, plant height, lodging, seed size, yield, percentage of 
protein, and percentage of oil. Brim and Cockerham (1961) showed that 
the rate of progress for selection among families for such 
characteristics decreased with inbreeding. In any selfed generation, 
2 the total genetic variance is equal to the expression (1 + I^)o A, where 
has the value of zero for the SQ or F2 generations. The variability 
2 2 
among the homozygous lines would be equal to = a^, if the epistatic 
variance is not included. In other words, the additive genetic component 
increases and the dominance variance decreases among families due to 
inbreeding. 
Hanson and Weber (1962), working with estimates of genetic 
components of variance among E^-derived lines of soybeans, obtained high 
values for additive genetic components for characteristics such as 
maturity, plant height, and seed weight. There was some epistatic 
genetic variance for percentage of oil and possibly some for seed yield. 
Components of genetic variability were studied in soybeans by 
Croissant and Torrie (1971). The characteristics analyzed were flowering 
time, maturity date, seed yield, plant height, lodging, and seed weight. 
The results indicated that the additive genetic component was the main 
source of genetic variance. The dominance component was detected for 
characteristics like plant height, seed weight, and lodging, but it was 
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not significant. There are some reports for soybeans that indicate that 
dominance and overdominance are important (Leffel and Weiss, 1958) and 
also that epistatic effects are predominant (Hanson et al., 1967) for 
characteristics such as yield. 
Progress Made with Recurrent Selection in Self-Pollinated Species 
Cotton 
Recurrent selection for increasing lint yield in upland cotton was 
practiced by Miller and Rawlings (1967). They conducted three cycles of 
selection based on line performance and measured the response of 
recurrent selection by comparing the parent lines selected in each cycle 
to the original parents. Each cycle had 1 year of yield testing and one 
generation of intermating among the six highest-yielding lines. The 
results showed a linear and significant increase in lint yield. The mean 
yield of the third cycle parents was 29.7% higher than the two original 
parents. They also found a close agreement between predicted and 
observed results, which indicated a strong effect of additive genetic 
variance. They stated that recurrent selection for increasing lint yield 
in upland cotton seems to be effective. 
Oats 
One cycle of phenotypic recurrent selection for increasing seed 
weight in oat populations was conducted by Khadr and Frey (1965). They 
worked with four populations: the irradiated Clintland variety, the 
irradiated Beedee variety, the hybrid between the varieties, and the 
irradiated hybrid. To evaluate the progress made by selection, the mean 
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of the selected parents was compared with the mean of the original 
population. The results showed increases of seed weight ranging from 
14.5% for the irradiated hybrid to 6.6% for the irradiated Beedee variety 
in relation to their original populations. The expected genetic gains 
from the second cycles of selection after 1 year of yield testing and one 
generation of intermating were calculated and ranged from 16% to 33%, 
depending upon the population used. They stated that phenotypic 
recurrent selection is a good tool to increase seed weight in oats, and 
that there was no reduction in variability due to selection. 
Tobacco 
Matzinger and Wernsman (1968) conducted four cycles of phenotypic 
recurrent selection for increasing leaf yield in a tobacco population. 
Each cycle had 1 year of evaluation and one generation of intermating. 
The response to selection was measured by comparing the performance of 
the population from each of the four cycles. A significant linear 
-1 -1 increase in leaf yield equal to 44 g plant cycle was obtained. The 
gain from selection in the fourth cycle was the same as that obtained in 
the first and second cycles, indicating no decrease in genetic 
variability. They concluded that mass selection or phenotypic recurrent 
selection is useful in self-pollinating species, and that it is important 
to maximize the genetic recombination for continuous progress. 
Wheat 
Recurrent selection for heading date in winter wheat was used by 
Avey et al. (1982). Three cycles of selection with one stage of 
evaluation and one generation of intermating were conducted in the 
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greenhouse. The first 27% of the SQ plants that developed spikes were 
crossed to form the population for the next cycle of selection. To 
measure the progress due to selection, plants from each cycle, the 
original population, and the original parents were planted under field 
conditions. Significant advance was made for early heading when 
recurrent selection was done in the greenhouse. They reported that the 
method can be effectively used for early heading in winter wheat without 
limiting the genetic variability available for selection of other traits. 
Soybeans 
Recurrent selection has been used successfully in soybeans for 
population improvement of seed protein (Brim and Burton, 1979; Miller and 
Fehr, 1979), resistance to iron-deficiency chlorosis (Prohaska and Fehr, 
1981), oleic acid percentage in seed oil (Burton et al., 1983), and seed 
yield (Kenworthy and Brim, 1979; Sumarno and Fehr, 1982). 
To test the efficiency of recurrent selection for increasing 
percentage of protein in seeds. Brim and Burton (1979) worked with two 
basic populations in which they used two effective population sizes. The 
cycles were developed by crossing selected parents, testing lines from 
the crosses, and selecting the ones with highest protein percentage. 
Each cycle of selection had one stage of evaluation and one generation of 
intermating. To evaluate the progress made by selection, a composite 
population of the parents for each cycle was used. The results showed an 
increase in protein percentage ranging from 0.29 to 0.67% per cycle. 
They concluded that recurrent selection for protein percentage in seeds 
of soybean is an effective way of obtaining significant progress and 
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also, that the effective population sizes used had only a small effect on 
progress. 
Miller and Fehr (1979) measured the effectiveness of recurrent 
selection for protein percentage in soybean based on two procedures: 
direct selection for high protein percentage and indirect selection for 
low oil percentage. The base population was developed by crossing 12 
high-protein lines with 12 high-yielding lines, followed by three 
generations of intermating. The evaluation was based on protein and oil 
percentage of lines. Each cycle of selection was composed by one 
stage of evaluation and one generation of intermating. After one cycle 
of recurrent selection for increasing protein percentage, both methods 
showed progress. However, direct selection resulted in almost twice as 
much increase as did indirect selection. The mean protein content was 
43.1% for the cycle 0 population and 43.9% for the cycle 1 population 
when selection was based on low oil percentage, and 44.5% when based on 
high protein percentage. 
Resistance to iron-deficiency chlorosis on calcareous soil is 
another characteristic improved by recurrent selection (Prohaska and 
Fehr, 1981). The base population was formed by crossing 10 moderately 
resistant cultivars with 10 moderately resistant plant introductions, 
followed by three generations of intermating. To speed up the selection 
process and to increase the genetic gain, each cycle of selection was 
done in 1 year and with one generation of intermating. lines were 
evaluated for iron-deficiency chlorosis before flowering and the 
recombination of the selected lines was completed the same season. The 
performance of the method was based on comparing parent means for cycles 
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0, 1, and 2. There was significant linear progress from cycle 0 to 2. 
The mean chlorosis score was improved at a rate of gain of 0.2 units per 
cycle which represented a 9% improvement in relationship to the mean of 
the cycle 0. 
Burton et al. (1983) used recurrent phenotypic selection for 
increasing the oleic acid percentage in soybean oil. Six lines with a 
high percentage of oleic acid were crossed with a male-sterile line and 
the progenies were randomly intermated to develop a base population 
for selection. To measure the results of selection, Fg or Fy lines were 
bulked to represent each cycle. In four cycles of recurrent selection 
with one stage of evaluation and one generation of intermating, a linear 
increase was observed. The average rate of increase in oleic acid was 
equal to 1.6% per cycle. As a result, they stated that recurrent 
phenotypic selection for increasing oleic acid content was an efficient 
breeding tool. 
Recurrent selection for increasing seed yield was reported by 
Kenworthy and Brim (1979). To create a source population, they 
backcrossed nine plant introductions to a highly productive line. From 
the backcross populations, three sub-populations were developed based on 
three selection criteria: (1) yield per se; (2) efficiency, which is the 
harvest index; and (3) an index which combines the first two. In all 
schemes, a cycle of selection included 1 year of yield testing and one 
generation of intermating. Three cycles of selection were conducted with 
each criterion. The top 20 lines from each subpopulation were selected 
based on line performance. To evaluate a selection criterion, a 
composite of the 20 selected lines was made for each cycle. An 
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additional evaluation was conducted to compare the performance of the 
individual lines within cycles. Regression of seed yield on the number 
-1 -1 
of cycles indicated an average yield increase of 134 kg ha cycle when 
the selection criterion was yield per se and 38 kg ha ^ cycle ^ for 
selection based on the index. The ten highest-yielding lines from cycle 
3 averaged 3,568 kg ha ^ compared with 2,855 kg ha ^ for the most 
productive line used as a parent in the formation of the source 
population (25% yield increase). Two lines from yielded approximately 
3,800 kg ha ^. The average yield of cycle 1 was 3,201 kg ha ^ and for 
cycle 2 was 3,371 kg ha~^. The yield of individual lines supported the 
use of recurrent selection for developing a population with a greater 
yield potential. 
Sumarno and Fehr (1982) measured the efficiency of recurrent 
selection for seed yield in a soybean population based on evaluation of 
F^-derived lines- Selection was conducted in the AP6 population 
described by Fehr and Ortiz (1975b). The original population was divided 
into three maturity subpopulations and three cycles of selection were 
conducted in each. One cycle of selection had 1 year of yield testing 
and one generation of intermating. The.progress due to selection was 
measured for each maturity class based on the performance of the parents 
per se from cycles 0 to 3 and a bulk of the parents of cycles 1 to 3. 
The results showed a significant linear increase in seed yield for the 
-1 -Is -1 -1 
early class (120 kg ha cycle ) and late class (24 kg ha cycle ). 
The mean yield of the individual parents was similar to the composites of 
the parents for all maturity classes. The best yielding parent of any 
cycle was not significantly better than the best cycle 0 lines for any 
20 
maturity class. 
The majority of the recurrent selection studies have involved one 
stage of evaluation to select the superior individuals and one generation 
of intermating to form a new population for the next cycle of selection. 
No one has compared the yield of lines derived from alternative 
strategies of recurrent selection for varying levels of yield testing and 
number of generations of intermating between cycles of selection. 
MATERIALS AND METHODS 
The study was based on selection within the soybean germplasm 
population AP6. The method of population formation and its parents were 
described by Fehr and Ortiz (1975b). The work was done cooperatively by 
the Iowa Agriculture and Home Economic Experiment Station and the Puerto 
Rico Agricultural Experiment Station. The objective for developing the 
population was to provide source material for a recurrent selection 
program for seed yield and other agronomic characteristics in soybean. 
The method of formation of the AP6 population is outlined in Table 
1. Three generations of intermating were involved. In the first 
generation, 40 high-yielding soybean strains of maturity groups 0 to IV 
(Table 2) were intermated in a partial diallel, where each strain was 
mated to five others. In the second generation, the two-parent crosses 
made in the first intermating was mated in a partial diallel, and the 
hybrid seed was bulked. In the third generation, plant-to-plant crosses 
were made and the hybrid seed was bulked. The F2 (Sq) seeds bulked were 
advanced to the by single-seed descent. A total of 300 F^ random 
plants were harvested individually to represent the cycle 0 population. 
Four strategies of recurrent selection were conducted in the soybean 
population AP6. The strategies represented a factorial arrangement of 
one or two stages of replicated yield testing before selection of 
superior lines from the population and one or three intermating 
generations of the superior lines to form the population for the next 
cycle of selection. A fifth selection strategy was utilized to represent 
a conventional breeding program in which relatively few two-way cross 
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Table 1. Outline of the development of the AP6 population 
Planting Location Operation 
1971 Puerto Rico First intermating of the CO parents 
1971 Puerto Rico ?! plants were grown 
1972 Puerto Rico 
^2 plants were grown 
1972 Iowa Second intermating 
1972 Puerto Rico Third intermating 
1973 Puerto Rico 
^2 (SQ) plants were grown 
1973 Puerto Rico 
^3 (S^) plants were grown 
1973 Puerto Rico F4 (Sg,) plants were grown 
1974 Puerto Rico F5 (SG) plants were grown 
1974 Iowa Yield test of F^ (S2)-derived lines 
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Table 2. Maturity group and origin of the 40 strains used to develop the 
AP6 population 
Strains Maturity Group Originator 
Evans 0 Minn. AES and USDA 
M60-92 0 Minn. AES and USDA 
M62-177 0 Minn. AES and USDA 
Swift 0 Minn. AES and USDA 
Anoka I Minn. AES and USDA 
Hodgson I ' Minn. AES and USDA 
M62-263 I Minn. AES and USDA 
M62-275 I Minn. AES and USDA 
Steele I Minn. AES and USDA 
M59-120 II Minn. AES and USDA 
C1453 I Ind. AES and USDA 
Amsoy 71 II Ind. AES and USDA 
Beeson II Ind. AES and USDA 
Wells II Ind. AES and USDA 
Calland II Ind. AES and USDA 
Bonus IV Ind. AES and USDA 
Cutler 71 IV Ind. AES and USDA 
C1483 IV Ind. AES and USDA 
L65-1342 I 111. AES and USDA 
L66L-137 III 111. AES and USDA 
L66L-144 III 111. AES and USDA 
SL 12 III 111. AES and USDA 
Williams III 111. AES and USDA 
Woodworth III 111. AES and USDA 
L66-1359 IV 111. AES and USDA 
IVR Ex 1501 
IVR Ex 5003 
IVR Ex 212 
IVR Ex 4311 
IVR Ex 4426 
IVR Ex 4428 
IVR Ex 4731 
I 
I 
III 
III 
III 
III 
III 
Improved 
Improved 
Improved 
Improved 
Improved 
Improved 
Improved 
Variety 
Variety 
Variety 
Variety 
Variety 
Variety 
Variety 
Research, 
Research, 
Research, 
Research, 
Research, 
Research, 
Research, 
Inc. 
Inc. 
Inc. 
Inc. 
Inc. 
Inc. 
Inc. 
^AES = Agricultural Experimental Station; USDA = United States 
Department of Agriculture. 
Table 2. (continued) 
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Strains Maturity Group Originator^ 
Hark I Iowa AES and USDA 
Rampage I Iowa AES and USDA 
Wirth I Iowa AES and USDA 
Corsoy II Iowa AES and USDA 
Md62-3223 IV Md. AES and USDA 
Md66-1258 IV Md. AES and USDA 
Wye IV Md. AES and USDA 
Dunn I Wis. AES and USDA 
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populations were formed utilizing the 40 original parents of AP6. 
Population IST-IIG 
One of the selection strategies was based on one stage of yield 
testing (1ST) and one generation of intermating (IIG) between cycles of 
selection. The population developed by the strategy was designated 
AP6(1YT)(F^). For brevity, it will be abbreviated as IST-lIG 
hereinafter. The development of five cycles of selection with IST-lIG is 
outlined in Table 3. 
In May 1974, the 300 F^-derived lines from the population AP6 were 
evaluated at two locations in Iowa, Ames and Stuart. The 300 entries 
were subdivided into three sets of 100 lines to reduce the replication 
size. Each set included six commercial cultivars. They were used as 
maturity checks to permit the classification of the lines as early, 
midseason, and late maturity. The yield of the check cultivars was 
averaged by set to determine if there were significant differences among 
sets that should be considered in selecting lines. The evaluation of the 
lines was conducted in a randomized complete block design with two 
replications. The plots were unbordered single hills on a 1 x 1 m grid 
with 12 seeds planted in each hill. Yield was measured on all plots and 
time of maturity (95% of the pods mature) was evaluated with the two 
replications at Ames. The 10 highest-yielding lines from each maturity 
class were selected to be used as parents of the cycle 1 population. The 
mean yields of the lines were adjusted for maturity based on their linear 
and quadratic regression coefficients (Miller and Fehr, 1979). This 
adjustment became a standard procedure for all subsequent cycles of 
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Table 3. Outline of the development of the IST-IIG populations, 
beginning with the first yield test of parents from the cycle 0 
population 
Planting Date Location Operation 
May 1974 Iowa Yield test of F^-derived lines 
Nov 1974 Puerto Rico Crossing of IST-IIG-Cl parents 
Feb 1975 
May 1975 
Nov 1975 
Feb 1976 
May 1976 
Nov 1976 
Puerto Rico 
Iowa 
Puerto Rico 
Puerto Rico 
Iowa 
Puerto Rico 
F^ plants were grown 
F2 plants were grown 
F^ plants were grown 
F, plants were grown 
Yield test of F,-derived lines 
Crossing of 1ST-1IG-C2 parents 
Feb 1977 
Jun 1977 
Nov 1977 
Feb 1978 
May 1978 
Nov 1978 
Puerto Rico 
Iowa 
Puerto Rico 
Puerto Rico 
Iowa 
Puerto Rico 
F^ plants were grown 
F^ plants were grown - separation by maturity 
F^ plants were grown 
F, plants were grown 
Yield test of F,-derived lines 
Crossing of 1ST-1IG-C3 parents 
Feb 1979 
May 1979 
Nov 1979 
Feb 1980 
May 1980 
Nov 1980 
Puerto Rico 
Iowa 
Puerto Rico 
Puerto Rico 
Iowa 
Puerto Rico 
F^ plants were grown 
F^ plants were grown - separation by maturity 
Fg plants were grown 
F^ plants were grown 
Yield test of F^-derived lines 
Crossing of 1ST-1IG-C4 parents 
Feb 1981 
May 1981 
Oct 1981 
Jan 1982 
May 1982 
Oct 1982 
Puerto Rico 
Iowa 
Puerto Rico 
Puerto Rico 
Iowa 
Puerto Rico 
F^ plants were grown 
F^ plants were grown - separation by maturity 
Fg plants were grown 
F^ plants were grown 
Yield test of F^-derived lines 
Crossing of 1ST-1IG-C5 parents 
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selection, regardless of the strategy used. 
In November 1974, the 30 selected lines were planted and crossed in 
a diallel at Isabela, Puerto Rico. Twelve seeds of 435 crosses were 
planted in February 1975 at the same location. The F^ seed was sent to 
Iowa for a May planting. At Ames, 300 random F2 plants were harvested by 
sampling an equal number of plants per cross. In the November 1975 
planting in Puerto Rico, F^ progeny of each F2 plant was grown in 
separate plots. In February 1976, 12 F^ seeds from each f^-derived line 
were planted. Two plants were harvested from each of the 300 F^-derived 
lines and returned to Ames for seed yield evaluation. 
The 600 F^-derived lines were subdivided into six sets of 100 lines; 
two sets for each maturity class. The lines were evaluated at two 
locations in Iowa, Ames and Stuart. The commercial cultivars Hodgson, 
Corsoy, Harcor, Amsoy 71, Beeson, Woodworth, and Williams were included 
in each set as checks. The experimental unit was a hill plot planted in 
a randomized complete block design with two replications. 
Beginning with the second cycle of selection and continuing for all 
subsequent cycles, visual selection was incorporated into the first stage 
of testing. Half of the lines of each set was discarded before harvest, 
due to lack of uniformity for maturity and overall lack of agronomic 
desirability. Based on maturity data recorded at Ames, lines earlier 
than the earliest or later than the latest check cultivars were 
discarded. Thirty lines, the 10 highest-yielding lines from each 
maturity class, were selected based on seed yield adjusted for maturity. 
To form the IST-IIG cycle 2 population, the 30 selected lines were 
sent to Isabela for crossing. In the November 1976 planting, the lines 
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were crossed in three separate diallels by maturity to form the early 
(AP6E), midseason (AP6M), and late (AP6L) subpopulations. These 
subpopulations were created due to the difficulty in harvesting yield 
plots from a broad range of maturity and due to the inadequacy of Ames 
and Stuart for testing early and late lines. Ames was considered too far 
north for late lines and Stuart too far south for early lines. During 
the subsequent cycles, the subpopulations were kept separate from each 
other. 
The seed harvested from the diallel was planted in February 1977 
at Isabela, and the F^ seed was harvested and sent to Iowa for planting. 
Twenty-five F^ seeds from each cross and the maturity check cultivars 
Hodgson, Corsoy, Harcor, Amsoy 71, Beeson, Woodworth, and Williams were 
planted for maturity separation. All plants earlier or later than the 
maturity check cultivars for each subpopulation were discarded. seed 
was harvested from a total of 100 F^ plants from each subpopulation. In 
November 1977, 12 F^ seeds from each F2 were planted for generation 
advance. In February 1978, 8 F^ seeds from each F^-derived line were 
planted. Two plants were harvested from each of the 100 F^-derived lines 
maintained for each subpopulation. 
The 200 F^-derived lines from each maturity class were subdivided 
into two sets of 100 lines for evaluation. Appropriate maturity check 
cultivars were used for each subpopulation. The test sites were Ames and 
Corwith for AP6E lines, Ames and Stuart for AP6M lines, and Stuart and 
Ottumwa for AP5L lines. The entries were planted in hill plots in a 
randomized complete block design with two replications per subpopulation 
per location. 
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Visual selection was practiced to choose 100 lines for harvest in 
each subpopulation. The seed yield of the harvested lines were adjusted 
for maturity. From each maturity class, the 10 highest-yielding lines, 
were selected to be used as parents of the cycle 3 subpopulations. 
The Fp F2, Fg, and generations of the cycle 3 and cycle 4 
subpopulations were conducted in the same way as described for lines of 
cycle 2. The seed yield evaluation of the F^-derived lines also followed 
what was described for testing lines of the cycle 2 subpopulations. Two 
years were required to completed one cycle of selection for the IST-IIG 
populations. By October 1982, the parents of the cycle 5 subpopulations 
had been selected. 
Population 2ST-1IG 
The objective in developing the population was to study the genetic 
improvement due to two stages of yield evaluation and one generation of 
intermating between cycles of selection in a recurrent selection program 
with the AP6 population. The development of the three cycles of 
selection with 2ST-1IG population, previously designated AP6(2YT)(F^), is 
outlined in Table 4. 
In May 1974, the 300 F^-derived lines from the cycle 0 population 
AP6 were evaluated at two locations in Iowa, Ames and Stuart. The 300 
entries were subdivided into three sets of 100 lines based on maturity. 
The 10 highest-yielding lines for each maturity class were selected as 
parents of the cycle 1 IST-lIG population. From the same yield test, the 
30 highest-yielding lines for each maturity class were selected for 
further evaluation in a second year of yield testing. 
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Table 4. Outline of the development of the 2ST-1IG populations, 
beginning with the first yield test of parents from the cycle 0 
population 
Planting Date Location Operation 
May 1974 Iowa First stage test of F^-derived lines 
May 
Nov 
1975 
1975 
Iowa 
Puerto Rico 
Second stage test of F^-derived lines 
Crossing of 2ST-1IG-C1 parents 
May 
Aug 
Nov 
1976 
1976 
1976 
Puerto Rico 
Puerto Rico 
Puerto Rico 
F^ plants were grown 
F2 plants were grown 
Fg plants were grown 
Feb 1977 Puerto Rico F^ plants were grown 
May 1978 Iowa First stage test of F^-derived lines 
May 
Nov 
1979 
1979 
Iowa 
Puerto Rico 
Second stage test of F,-derived lines 
Crossing of 2ST-1IG-C2 parents 
Feb 
May 
Oct 
1980 
1980 
1980 
Puerto Rico 
Iowa 
Puerto Rico 
F^ plants were grown 
F2 plants were grown - separation by maturity 
Fg plants were grown 
Jan 
May 
1981 
1981 
Puerto Rico 
Iowa 
F^ plants were grown 
First stage test of F^-derived lines 
May 
Nov 
1982 
1982 
Iowa 
Puerto Rico 
Second stage test of F,-derived lines 
Crossing of 2ST-1IG-C3 parents 
In May 1975, the 30 F^-derived lines from each maturity class were 
evaluated in a randomized complete block design planted in paired-row 
plots with two replications at two Iowa locations, Ames and Stuart. The 
seed yield of the lines was adjusted for maturity, a procedure that 
became the standard practice for all subsequent yield evaluations. The 
10 highest-yielding lines were selected from each maturity class and used 
as parents of the cycle 1 population. 
To produce the cycle 1 population of 2ST-1IG, the 30 selected 
parents were sent to Puerto Rico for crossing. In November 1975, the 
lines were planted and crossed in a diallel, and seed was harvested. 
In the May planting in 1976 in Puerto Rico, the F^ plants were grown and 
F2 seed was harvested for each cross. In August the F2 plants were grown 
and F^ seed was harvested. The F^ progeny of each F^ plant was grown in 
separate plots in November 1976 at Isabela. In February 1977, 12 F^ 
seeds from each E^-derived line were planted. Two plants were harvested 
individually from each line and sent to Iowa for yield evaluation. 
The 600 F^-derived lines, obtained from 300 E^-derived lines, 
arrived too late for the 1977 planting. The seed was stored in the cold 
room until 1978. The lines were evaluated iix hill plots in a randomized 
complete block design with two replications at two Iowa locations, Ames 
and Stuart. The 600 entries were subdivided into six sets of 100 lines, 
two sets for each maturity class. The commercial cultivars Hodgson, 
Corsoy, Amsoy 71, Beeson, Woodworth, and Williams, were included in all 
maturity sets as check cultivars. A total of 300 lines were chosen for 
harvest based on visual selection. Seed yield was adjusted for maturity 
and the 30 highest-yielding lines from each maturity class were selected, 
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out of the 300 lines chosen for harvest based on visual selection. 
During May 1979, the 30 F^-derived lines from each maturity class were 
planted in paired-row plots in a randomized complete block design with 
two replications. The test sites were Ames, Knierim, and Corwith for 
AP6E; Ames, Marshalltown, and Stuart for AP6M; and Ames, Stuart, and 
Ottumwa for AP6L. 
The 10 highest-yielding lines from each maturity class were selected 
to be used as parents of the cycle 2 subpopulations. To produce the 
cycle 2 population 2ST-1IG, the selected lines were sent to Isabela for 
crossing. In November 1979, the 10 lines for a maturity class were 
crossed in a diallel to form a subpopulation based on maturity. During 
the subsequent cycles of recurrent selection, the three subpopulations 
were kept separate from each other. 
The seed was planted in February 1980 at Isabela. The F2 seed 
was harvested and sent to Iowa. Twenty-five F2 seeds from each cross and 
the maturity check cultivars were planted in May 1980 at Ames. All 
plants earlier or later than the maturity check cultivars for each 
subpopulation were discarded and the remaining ones were harvested 
individually. In October 1980, 8 F^ seeds from each F2 plant were 
planted for generation advance. In January 1981, 8 F^ seeds from each of 
the 200 F^-derived lines were planted and 1 random F^ plant was harvested 
from each line. 
The 200 F^-derived lines of each subpopulation were subdivided into 
two sets of 100 lines. The commercial cultivars Hodgson 78, Pride B216, 
Century, Pella, Cumberland, and Williams were used as maturity check 
cultivars. The evaluation of the lines was done in hill plots planted in 
a randomized complete block design with two replications. The test sites 
were Ames and LuVerne for AP6E, Ames and Stuart for AP6M, and Stuart and 
Ottumwa for AP6L. Based on lack of uniformity for maturity, failure to 
mature within the time period for a maturity class, and overall lack of 
agronomic desirability, 100 lines were discarded in each maturity class. 
One-hundred lines were harvested for seed yield from each maturity class. 
The 30 highest-yielding lines from each maturity class, after being 
adjusted for maturity, were selected for further evaluation in a second 
yield test. 
The 90 F^-derived lines were planted during May 1982 in Iowa. The 
test sites were Ames, Corwith, and LuVerne for AP6E; Ames, Marshalltown, 
and Stuart for AP6M; and Ames, Stuart, and Ottumwa for AP6L. The lines 
were planted in paired-row plots in a randomized complete block design 
with two replications. By October of 1982, the 10 parents of the cycle 3 
subpopulations had been selected. 
Population 1ST-3IG 
The objective in developing the population was to study the genetic 
improvement due to one stage of yield testing and three generations of 
intermating between cycles of selection in a recurrent selection program 
in the soybean population AP6. An outline of the development of the 
cycle 3 parents for 1ST-3IG is presented in Table 5. 
The 1ST-3IG population shared the 30 parents of the cycle 1 IST-IIG 
population. In November 1974 at Isabela, the 30 IST-lIG parents were 
intermated in a diallel. In March 1975, the seed of each cross was 
planted for a second generation of intermating. Each cross was mated to 
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Table 5. Outline of the development of the 1ST-3IG populations, 
beginning with the first yield test of parents from the cycle 0 
population 
Planting Date Location Operation 
May 
Nov 
1974 
1974 
Iowa 
Puerto Rico 
Mar 
Jun 
Nov 
1975 
1975 
1975 
Puerto Rico 
Puerto Rico 
Puerto Rico 
Mar 
Jun 
1976 
1976 
Puerto Rico 
Iowa 
May 
Nov 
1977 
1977 
Iowa 
Puerto Rico 
May 
Nov 
1978 
1978 
Iowa 
Puerto Rico 
Feb 
May 
Nov 
1979 
1979 
1979 
Puerto Rico 
Iowa 
Puerto Rico 
May 
Nov 
1980 
1980 
Iowa 
Puerto Rico 
Yield test of S^-derived lines 
First intermating of 1ST-3IG-C1 parents 
Second intermating 
Third intermating 
SQ plants were grown 
plants were grown 
plants were grown 
Yield test of S2-derived lines 
First intermating of 1ST-3IG-C2 parents 
Second intermating 
Third intermating 
SQ plants were grown 
S^ plants were grown - separation by maturity 
S2 plants were grown 
Yield test of S2-derived lines 
First intermating of 1ST-3IG-C3 parents 
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two others and the hybrid seed from all crosses were bulked. In June 
1975, 600 hybrid seeds were planted for a third generation of 
intermating, which involved plant-to-plant crosses among the hybrid 
plants. One SQ seed on 350 plants was harvested and bulked. 
In November 1975, 350 SG seeds were planted. Twelve seeds from 
325 SQ plants were planted in March 1976, and $2 seeds were harvested 
from each S^-derived line. At Ames in June 1976, 15 S2 seeds were 
planted and two random $2 plants were harvested from each of 300 SQ-
derived lines. 
The 600 S2-derived lines were evaluated at two locations in Iowa, 
Ames and Stuart. The entries were subdivided into six sets of 100 lines, 
two sets for each maturity class. The commercial cultivars Hodgson, 
Corsoy, Amsoy 71, Beeson, Woodworth, and Williams were included in each 
set as maturity check cultivars. The evaluation of the lines was done in 
a randomized complete block design planted in hill plots with two 
replications. Only 100 S2-derived lines of each maturity class were 
visually selected for harvest. Before selecting the highest-yielding 
lines, seed yield was adjusted for maturity. The 10 lines with the 
highest yield in each maturity class were selected as parents of the 
cycle 2 population. 
In November 1977, 10 parents of each maturity class were planted at 
Isabela and crossed in a diallel to form three subpopulations according 
to maturity. The hybrid seed was harvested individually for each cross. 
For the second generation of intermating, the seed was planted in Ames 
in May 1978. Each cross mated to two others in a partial diallel. The 
hybrid seed was harvested in bulk and sent back to Isabela for the third 
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generation of intermating, by plant-to-plant crosses. 
In February 1979, 160 SQ plants were grown from each subpopulation 
and Sj seed was harvested from each individually. Twelve seeds from each 
Sg-derived line and the maturity check cultivars Hodgson 78, Corsoy, 
Amsoy 71, Beeson, Woodworth, and Williams were planted in May 1979 at 
Ames. All plants that were earlier than the earliest or later than the 
latest maturity check cultivars for each subpopulation were discarded. 
The Fg seed from the remaining plants was harvested and returned to 
Isabela. In November 1979, 8 S2 seeds from each Sg-derived line were 
planted and two plants were harvested from each line. 
During the summer of 1980, 200 S^-derived lines of each 
subpopulation were evaluated for seed yield. The lines were subdivided 
into two sets of 100 lines and appropriate maturity check cultivars were 
added to each set. The lines were evaluated in hill plots in a 
randomized complete block design with two replications at two locations. 
The test sites were Ames and Corwith for AP6E, Ames and Stuart for AP6M, 
and Stuart and Ottumwa for AP6L. Visual selection was practiced to 
choose half of the lines for harvest. Seed yield was adjusted for 
maturity before selection was made. The 10 highest-yielding lines from 
each subpopulation were selected as the parents of the cycle 3. By 
growing three generations a year, the strategy required 3 years to 
complete one cycle of selection. 
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Population 2ST-3IG 
The objective in developing the population was to study the 
genetic improvement due to two stages of yield testing and three 
generations of intermating between cycles of selection in a recurrent 
selection program in the soybean population AP6. The development of the 
parents of cycle 2 of the 2ST-3IG population is outlined in Table 6. 
The population 2ST-3IG shared the cycle 1 parents of the 2ST-1IG. 
In May 1975 at Ames, 30 parents of the cycle 1 2ST-1IG were selected 
after the second year of yield testing and sent to Isabela for the first 
generation of intermating. In November 1975, all parents were mated in a 
diallel and the seed was harvested separately for each cross. In May 
1976 at Isabela, each two-parent cross was planted for a second 
generation of intermating. The crosses were made in a partial diallel, 
and the hybrid seed was harvested in bulk. For the third generation of 
intermating, the hybrid seed was planted in January 1977 at Isabela, 
where plant-to-plant crosses were made. 
At Ames in May 1977, 520 SQ seeds were planted and all plants with 
at least 12 seeds were harvested individually. In November 1977 at 
Isabela, 12 seeds were planted from each SQ plant, and a total of 16 
$2 seeds from each entry were harvested. In May 1978 at Ames, 8 S, seeds 
from each SQ plant were planted, and two random $2 plants were harvested 
and threshed individually. 
The 600 S^-derived lines were evaluated in hill plots in a 
randomized complete block design with two replications at two Iowa 
locations, Ames and Stuart. The entries were subdivided into six sets of 
38 
Table 6. Outline of the development of the 2ST-3IG populations, 
beginning with the first yield test of parents from the cycle 0 
population 
Planting Date Location Operation 
May 1974 Iowa First stage test of S^-derived lines 
May 
Nov 
1975 
1975 
Iowa 
Puerto Rico 
Second stage test of S^-derived 
First intennating of 2ST-3IG-C1 
lines 
parents 
May 1976 Puerto Rico Second intermating 
Jan 
May 
Nov 
1977 
1977 
1977 
Puerto Rico 
Iowa 
Puerto Rico 
Third intermating 
SQ plants were grown 
S^ plants were grown 
May 1978 Iowa S^ plants were grown 
May 1979 Iowa First stage test of S2-derived ! lines 
May 1980 Iowa Second stage test of S2-derived lines 
Jan 1981 Puerto Rico First intermating of 2ST-3IG-C2 parents 
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100 lines, two sets for each maturity class. The entries Hodgson 78, 
A75-102032, Corsoy, C1545, Fella, and Williams were included in each set 
as check cultivars. Before harvest, 100 lines were chosen based on 
visual selection and the remaining 100 were discarded. The seed yield of 
the lines was adjusted for maturity and the 30 with the highest adjusted 
yield from each maturity class were selected. The 90 S^-derived lines 
were planted in a second stage of yield testing in May 1980 in Iowa. The 
evaluation was done in paired-row plots planted in a randomized complete 
block design with two replications at three Iowa locations. The test 
sites were Ames, Knierim, and Corwith for AP6E; Ames, Marshalltown, and 
Stuart for AP6M; and Ames, Stuart, and Ottumwa for AP6L. The seed yield 
of the lines was adjusted for maturity and the 10 highest-yielding from 
each maturity class were selected to be used as parents of the cycle 2 
subpopulations. 
In the development of the populations, three generations were grown 
per year. Each cycle of recurrent selection for the strategy 2ST-3IG 
required 4 years to complete. 
Population CB-2ST-1IG 
The selection strategy was developed to represent a conventional 
breeding (CB) system in which relatively few two-way crosses would 
provide the genetic variability for cultivar development. An outline of 
the development of the CB-2ST-1IG population is shown in Table 7. 
The forty strains used to develop AP6 were mated in the 30 two-way 
crosses made in March 1971 at Isabela. seed was planted in November 
1971 for generation advance of each cross. The F^ seed was planted in 
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Table 7. Outline of the development of the CB-2ST-1IG populations, 
beginning with the first yield test of parents from the cycle 0 
population 
Planting Date Location Operation 
Mar 
May 
1971 
1971 
Puerto Rico 
Puerto Rico 
Crossing of AP6CB Cq parents 
F^ plants were grown 
Feb 
May 
Nov 
1972 
1972 
1972 
Puerto Rico 
Iowa 
Puerto Rico 
F2 plants were grown 
F^ plants were grown 
F^ plants were grown 
May 1973 Iowa First stage test of F^-derived lines 
May 
Oct 
1974 
1974 
Iowa 
Puerto Rico 
Second stage test of F,-derived lines 
Crossing of CB-2ST-1IG-C1 parents 
Mar 1975 Puerto Rico F^ plants were grown 
Aug 
Nov 
1976 
1976 
Puerto Rico 
Puerto Rico 
F2 plants were grown 
F^ plants were grown 
Feb 1977 Puerto Rico F^ plants were grown 
May 1978 Iowa First stage test of F^-derived lines 
May 
Nov 
1979 
1979 
Iowa 
Puerto Rico 
Second stage test of F,-derived lines 
Crossing of CB-2ST-1IG-C2 parents 
Feb 
May 
Oct 
1980 
1980 
1980 
Puerto Rico 
Iowa 
Puerto Rico 
Fj^ plants were grown 
F^ plants were grown - separation by maturity 
F2 plants were grown 
Jan 
May 
1981 
1981 
Puerto Rico 
Iowa 
F^ plants were grown 
First stage test of F^-derived lines 
May 
Nov 
1982 
1982 
Iowa 
Puerto Rico 
Second stage test of F,-derived lines 
Crossing of CB-2ST-1IG-C3 parents 
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February 1972 and individual plants were harvested. progeny of each 
F^ plant was grown in separate plots at Ames in May 1972 to obtain 
seed of each line. At Isabela, in November 1972, F^-derived lines in F^ 
were grown and 10 plants from each of the 30 crosses were harvested 
individually. 
The 300 F^-derived lines were evaluated at two locations in Iowa, 
Ames and Stuart. The lines were subdivided in three sets of 100 lines. 
Each set included six commercial cultivars as maturity checks. The 
evaluation was done in hill plots planted in a randomized complete block 
design with two replications. The three highest-yielding lines for each 
of the 30 crosses were selected for further evaluation in a second stage 
of yield testing in May 1974. The 90 F^-derived lines were evaluated at 
the same two locations, Ames and Stuart. Maturity check cultivars were 
added to each set of 30 entries. The evaluation was done in paired-row 
plots planted in a randomized complete block design with two 
replications. The seed yield of the lines was adjusted by maturity 
before selection. The 30 highest-yielding lines were selected as cycle 1 
parents of the CB-2ST-1IG population. 
In October 1974 at Isabela, the 30 selected parents were crossed to 
four others. The F^ seed for each of the 30 crosses was maintained 
separately. In March 1975, F^ plants were grown at Isabela. The F2' seed 
harvested for each cross was planted in August 1976. Ninety F2 seeds of 
the 30 two-way population were planted and 15 random F2 plants from each 
population were harvested individually. In November 1976 at Isabela, 8 
Fg seeds were planted from each of the 450 F^-derived lines and 16 F^ 
seeds were harvested from each. In February 1977 at Isabela, 8 F^ seeds 
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from each F2-derived line were planted and two random plants were 
harvested and threshed individually from each line. The F^-derived lines 
were returned to Iowa to be yield tested. 
There were 600 random F^-derived lines in the yield test. The 
entries were subdivided into six sets of 100 lines, two sets for each 
maturity class. Appropriate maturity check cultivars were included in 
all sets. The evaluation of the lines was done in a randomized complete 
block design planted in hill plots with two replications at two Iowa 
locations, Ames and Stuart. One-half of the lines was visually selected 
for harvest. The seed yield of each line harvested was adjusted for 
maturity. The 30 lines with the highest adjusted yield from each 
maturity class were selected for further evaluation in a second stage of 
yield testing. 
In 1979, the 90 selected F^-derived lines were tested in Ames, 
Knierim, and Corwith for AP6E; Ames, Marshalltown, and Stuart for AP6M; 
and Ames, Stuart, and Ottumwa for AP6L. The lines were evaluated in a 
randomized complete block design planted in paired-row plots with two 
replications. The seed yield of the lines was adjusted for maturity and 
the 10 highest-yielding lines from each maturity class, were selected to 
be used as parents of the cycle 2 subpopulations. 
To produce the cycle 2 of the CB-2ST-1IG subpopulations, the 30 
selected entries were sent to Isabela for crossing. In November 1979, 
the 10 lines of each maturity class were mated to two other parents. 
Beginning with cycle 2 on, the subpopulations were kept separate from 
each other. 
The F^ seed of each cross was planted in February 1980 at Isabela, 
and the seed was sent to Iowa for maturity separation. Forty-eight F2 
seeds from each cross and the maturity check cultivars Hodgson 78, 
Corsoy, Amsoy 71, Beeson, Woodworth, and Williams were planted at Ames. 
All plants earlier than the earliest or later than latest maturity check 
cultivars for each subpopulation were discarded and the F^ seed from the 
remaining plants were harvested and sent to Isabela. Eight F^ seeds from 
each F2 plant were planted in October 1980 for generation advance. In 
January 1981, 8 F^ seeds from each F^-derived line were planted and one 
random F^ plant was harvested from each line. 
The 200 F^-derived lines from each subpopulation were divided into 
two sets of 100 lines. Appropriate maturity check cultivars were 
included for each subpopulation. The evaluation was conducted in 
randomized complete block design planted in hill plots with two 
replications at two Iowa locations. AP6E was planted at Ames and 
LuVerne, AP6M at Ames and Stuart, and AF6L at Stuart and Ottumwa. Visual 
selection was practiced and only half of the lines was harvested for seed 
yield. Before selection, seed yield was adjusted for maturity. The 30 
highest-yielding lines from each maturity class were selected for a 
second year of yield testing. 
In 1982, the 90 F^-derived lines were evaluated in Ames, Knierim, 
and Corwith for AP6E; Ames, Marshalltown, and Stuart for AP6M; and Ames, 
Stuart, and Ottumwa for AP6L. The lines were evaluated in a randomized 
complete block design planted in paired-row plots with two replications. 
The seed yield of the lines was adjusted for maturity and the 10 highest-
yielding lines from each maturity class were used as parents of the cycle 
3 subpopulations. 
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Evaluation of the Strategies 
All the strategies began in 1974 with the formation of the 
population AP6. The first crosses for CB-2ST-1IG were made in 1971 at 
the same time that the first crosses were made to form AP6. In my study, 
the genetic change in the populations was assessed by evaluation of the 
parents of the CO which were common to all strategies and the parents of 
the most advanced cycle of selection which had been completed in 1982. 
Among the strategies tested, there were populations with a total of 2, 3, 
and 5 cycles of selection. An outline of a cycle of recurrent selection 
for each the strategies evaluated in this study is shown in Table 8. 
By the fall of 1982, there were 40 CO parents, 30 parents of the 
cycle 3 populations IST-IIG, 2ST-1YG, 1ST-3IG, and CB-2ST-1IG, 30 parents 
of the cycle 2 population 2ST-3IG, and 30 parents of the cycle 5 
population IST-lIG. 
The parents of my study were grown for a seed increase in Ames 
during 1982. The first yield test was conducted in 1983 only in Ames due 
to the limited amount of seed available. The entries were subdivided 
into three maturity classes: early, midseason, and late. There were 80 
entries in each maturity class- For the 40 CO parents, 13 were included 
in the early class, 13 in the midseason class, and 14 in the late class. 
For the selection strategies, there were 10 parents each of 1ST-1IG-C3, 
2ST-1IG-C3, 1ST-3IG-C3, CB-2ST-1IG-C3, 2ST-3IG-C2 and 1ST-1IG-C5, where 
C2, C3, and C5 represent the number of cycles of selection. 
The evaluation was conducted in a randomized complete block design 
with two replications. The experimental unit was a two-row unbordered 
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Table 8. Outline of a cycle of recurrent selection for the alternative 
recurrent selection strategies evaluated in the study 
Year Location 
IST-IIG 
2ST-1IG 
Strategy^ 
1ST-3IG 
2ST-3IG 
CB-2ST-1IG 
Puerto Rico 
Puerto Rico 
Iowa 
Intennating Two-way crosses 
First intermating 
Second intennating 
Puerto Rico 
Puerto Rico 
Iowa 
4 
1ST 
Third intermating 
S„ 
^4 
1ST 
Puerto Rico 
Iowa 2ST 
2 
1ST 2ST 
Iowa 2ST 
^IST = One-stage yield test; 2ST = Two-stage yield test; IIG = One 
intennating generation; 3IG = Three intermating generations; CB = 
Conventional breeding strategy. 
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plot 4.6 m long. There were 68 cm between rows of the same plot and 102 
cm between rows of adjacent plots. The seeding rate was 26 seeds m 
row~^. The rows were end-trimmed to 3.1 m between the R5 and R6 stages 
and harvested for seed yield with a plot combine. 
In 1984, each maturity class was grown in three Iowa locations. 
AP6E was tested at Ames, Corwith, and Knierim; AP6M at Ames, 
Marshalltown, and Stuart; and AP6L at Ames, Stuart, and Ottumwa. The 
lines were planted in a randomized block design with two replications. 
The experimental unit was a four-row plot 4.6 m long with 68 cm between 
rows. The seeding rate was 26 seeds m ^ row ^. At maturity, the two 
center rows were end-trimmed to 3.1 m and harvested for seed yield with a 
plot combine. 
Four characteristics were measured on each entry in both years: 
seed yield, maturity, lodging, and plant height. Seed yield was obtained 
from harvested seeds dried at 40° C for 2 days before weighing. The 
results were expressed in g m Maturity was the date when 95 to 100% 
of the pods had reached their mature pod color. Lodging was determined 
on a scale from 1.0 through 5.0 to the nearest 0.1, where 1.0 was all 
plants erect and 5.0 was all plants prostrate. Plant height was recorded 
as the length in centimeters from the ground to the tip of the main stem 
at maturity. 
Maturity data were recorded at only two locations for each maturity 
class. For the early maturity class, the data were taken at Ames and 
Corwith, and for the midseason and late maturity classes at Ames and 
Stuart. For the other traits, the data were collected at all three 
locations. 
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Statistical Analysis 
Analyses of variance were conducted for each trait and population 
using a model appropriate to the randomized complete block design. The 
check cultivars were not included in the analyses. 
The data were analyzed for the individual environments and combined 
across four environments. Environment was considered a random effect, 
and strategy and entry fixed effects. For the analyses of data at 
individual environments, the following model was used: 
Y.. = m + G. + R. + e.. 
IJ 1 J IJ 
i = 1 to 72 in the early and midseason groups, 
1 to 73 in the late group 
j = 1 to 2 
where 
= observed value of the i-th entry in the j-th replication 
m = overall mean effect 
= effect of the i-th entry 
Rj = effect of the j-th replication 
e^j = error associated with the ij-th observation. 
For the analyses of data combined across environments, the following 
model was used: 
\jk = m + Gi + + Rjk + (GE).j^ + e.jk 
i •= 1 to 72 in the early and midseason groups, 
1 to 73 in the late group 
j = 1 to 2 
k = 1 to 4 
where 
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Y. = observed value of the i-th entry in the j-th replication of 
ij K 
the k-th environment 
m = overall mean effect 
= effect of the i-th entry 
= effect of the k-th environment 
Rj^ = effect of the j-th replication in the k-th environment 
(GE)^j^ = interaction effect between i-th entry and the k-th 
environment 
e^j^ = error associated with the ijk-th observation. 
In each analysis of variance, the mean squares due to lines were 
subdivided into two components: variation among strategies and variation 
among lines within strategies. The component due to lines within 
strategies was further subdivided into seven components: a) among lines 
within 1ST-1IG-C3, b) among lines within 2ST-1IG-C3, c) among lines 
within IST-3IG-C3, d) among lines within 2ST-3IG-C2, e) among lines 
within CB-2ST-1IG-C3, f) among lines within 1ST-1IG-C5, and g) among CO 
parents. 
For the analyses of data at individual environments, the 
significance of lines and related components were tested against the 
error mean squares (Table 9). For the analyses of data combined across 
environments, the significance of lines was tested by the environment x 
line mean squares. The line and strategies components (among lines with 
1ST-1IG-C3, among lines within 2ST-1IG-C3, etc.) were tested by their 
respective environment x line mean squares. The significance of the 
environment x line and components (environment x among lines within IST-
1IG-C3, environment x among lines within 2ST-1IG-C3, etc.) were tested 
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Table 9. Form of the analysis of variance for data from parents 
and strategies for AP6 populations at individual 
locations 
Sources of Expected Mean 
Variation df^ Squares 
Replications (r-1) 
e 
+ po^ 
Parents (P) (i-1) 
e 
+ RP^ 
Strategies (s-1) 
*'(s) + RG^ 
P/Strategies (i-s) „2 
e(i/s) + R(P/S)2 
P in 1ST-1IG-C3 (^1-1) + 
P in 2ST-1IG-C3 a 2-1) + RPg 
P in 1ST-3IG-C3 (-^3-1 ) 4- RP3 
P in 2ST-3IG-C2 (^4-1) ° l w  + RP4 
P in CB-2ST-1IG-C3 (^^5-1) °e(5) + Rp2 
P in 1ST-1IG-C5 Cfg-l) 
°e(6) ^6 
P in CO Wp-1) 
Error (r-l)ce-l) 
e 
^r = replications. Z =  lines, and s = strategies 
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against the pooled error (Table 10). 
The least significant difference (L.S.D.) test was applied for all 
traits using data at individual environments and combined across 
environments. The L.S.D. was calculated based on the equation 
L.S.D. = i^df,a =0.05^^^^ (1/Ni + l/Ng) 
(Steel and Torrie, 1980), 
where 
EMS = error mean square 
= number of values used in computing strategy means 
= number of values used in computing parent means. 
The same number of lines were used in computing strategy means, 
thus, the L.S.D. used to compare means of two strategies was calculated 
using the equation 
I'S'D.  •  .0.05^2(EMS)/» ,  
(Steel and Torrie, 1980), 
where 
EMS = error mean square 
N = number of values used in computing strategy means. 
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Table 10. Form of the analysis of variance for data from parents and 
methods for AP6 populations combined across environments 
Sources of 
Variation df= 
Expected Mean 
Squares 
Environment (E) 
Replications (R) 
(e-1) 
(r-1) 
Parents (P) 
Strategies (S) 
P/Strategies (P/S) 
P in 1ST-1IG-C3 
P in 2ST-1IG-C3 
P in 1ST-3IG-C3 
P in 2ST-3IG-C2 
P in CB-2ST-1IG-C3 
P in 1ST-1IG-C5 
P in CO 
E X P 
E X S 
E X P/S 
E X P in 1ST-1IG-C3 
E X P in 2ST-1IG-C3 
a-1) 
(s-1) 
(X-s) 
U^-l) 
(jg-l) 
(^4-1) 
(jg-l) 
(jg-l) 
(jp-1) 
(e-l)C4-l) 
(e-l)(s-l) 
(e-l)(2-s) 
(e-l)(^j^-l) 
(e-l)(j2-l) 
,2 
2 2 
^b(jVs)*^°f/se 
2 2 
^b(l)*^/g(l)e 
2 2 
Ob(2)**G4(2)e 
^e = environments, r = replications, Z  =  
s = strategies. 
parents, and 
52 
Table 10. (continued) 
Sources of Expected Mean 
Variation df Squares 
E X P in 1ST-3IG-C3 (e-lXi^-l) 
°t^3)+*^g(3)e 
E X P in 2ST-3IG-C2 (e-l)( j^- l) 
*b(4)***f(4)e 
E X P in CB-2ST-1IG-C3 1 1 0
) 
^b^5)+*^g(5)e 
E X P in 1ST-1IG-C5 (e-l)(ig-l) 
*b^6)+B%^(6)e 
E X Parents in CO (e-l)(4p_l) 
^b(p)'^^'^^(p)e 
Error e(r-l)(^l) 
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RESULTS 
The results will be divided into four segments: a) stages of yield 
testing between cycles of selection, b) number of generations of 
intermating between cycles of selection, c) CB-2ST-1IG-C3, 1ST-1IG-C5, CO 
parents, and controls, and d) unselected traits. The primary emphasis 
will be on individual line performance within strategy, rather than on 
the mean of the strategy. 
Analyses of variance of the data combined across four environments 
indicated significant (P<0.01) differences among lines for seed yield, 
maturity, lodging, and plant height (Tables 11-13). The line mean 
squares were partitioned into variation among strategies and variation 
among lines within strategies. Significant (P<0.05) differences were 
found for all four characteristics studied in all three maturity classes 
(Tables 11-13). The effect of environments also was significant (P<0.01) 
for all four characteristics studied in all three maturity classes, 
except for plant height in the midseason class. 
The mean squares of the lines within strategies were further 
subdivided into lines within the individual strategies. For seed yield 
in the early and midseason maturity classes, there were no significant 
differences among lines within the individual strategies, except for 2ST-
1IG-C3 in the early and for 1ST-1IG-C3 in the midseason. In the late 
maturity class, three strategies showed significant (P<0.05) seed yield 
differences among lines within the individual strategies (Tables 11-13). 
For maturity, lodging, and plant height, significant (P<0.05) differences 
were found within all strategies in all three maturity classes, except 
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Table 11. Analysis of variance for four traits of lines from AP5 early 
combined across four environments 
Sources of 
Variation df 
Mean Squares 
df 
Mean 
Squares 
Yield Lodging Height Maturity 
Environments (E) 3 88968** 23.0** 22001** 2 20296.3** 
Replications/E 4 2244 1.8 80 3 13.6 
Parents (P) 72 6195** 1.0** 753** 72 83.3** 
Strategies (S) 6 29367** 3.4** 2513** 6 370.8** 
P/Strategies (P/S) 66 4089** 0.8** 593** 66 57.2** 
P in 1ST-1IG-C3 9 499 0.5* 1105** 9 66.6** 
P in 2ST-1IG-C3 9 1904* 0.4* 503* 9 43.1** 
P in 1ST-3IG-C3 9 3114 1.4** 624** 9 81.6** 
P in 2ST-3IG-C2 9 521 1.5* 645** 9 48.2** 
P in CB-2ST-1IG-C3 9 2154 0.5 429** 9 13.6** 
P in 1ST-1IG-C5 9 704 0.8** 219** 9 14.2** 
P in CO 12 15815** 0.5 616** 12 114.2** 
E X P 216 1223** 0.2** 86** 144 5.0** 
E X S 18 2592** 0.3** 108 12 12.9** 
E X P/S 198 1099** 0.2** 81** 132 4.3** 
E X P in 1ST-1IG-C3 27 496 0.2 41 18 3.3* 
E X P in 2ST-1IG-C3 27 707 0.1 221** 18 4.6** 
E X P in 1ST-3IG-C3 27 1947** 0.4** 89 18 6.8** 
E X P in 2ST-3IG-C2 27 1280* 0.2 65 18 5.9** 
E X P in CB-2ST-1IG-C3 27 1661** 0.2* 68 18 2.8 
E X P in 1ST-1IG-C5 27 927 0.2 40 18 2.8 
E X P in CO 36 780 0.3** 55 24 4.6** 
Error 288 807 0.1 71 216 2.0 
C.V. (%) 12.7 20.9 11.2 7.1 
' Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 12. Analysis of variance for four traits of lines from AP6 
midseason combined across four environments 
Mean 
Sources of Mean Squares Squares 
Variation 
Yield Lodging Height Maturity 
Environments (E) 3 355248** 58.9** 403 2 10690.4** 
Replications/E 4 5677 1.3 812 3 14.2 
Parents (P) 72 1763** 1.7** 964** 72 60.3** 
Strategies (S) 6 5143** 7.0** 4391** 6 144.3** 
P/Strategies (P/S) 66 1924** 1.2** 653** 66 52.6** 
P in 1ST-1IG-C3 9 2660** 1.2** 536** 9 33.1** 
P in 2ST-1IG-C3 9 1129 1.2** 851** 9 44.0** 
P in 1ST-3IG-C3 9 921 2.1** 680** 9 61.7** 
P in 2ST-3IG-C2 9 560 0.4* 472** 9 26.8** 
F in CB-2ST-1IG-C3 9 1826 1.2** 559** 9 18.6* 
P in 1ST-1IG-C5 9 2327 0.8** 426** 9 31.6** 
P in CO 12 3513* 1.4** 946** 12 127.6** 
E X P 216 1206** 0.3** 87** 144 8.5** 
E X S 18 2633** 0.7** 67 12 22.5** 
E X P/S 198 1076* 0.3** 89* 132 7.2** 
E X P in 1ST-1IG-C3 27 418 0.2 62 18 5.6** 
E X P in 2ST-1IG-C3 27 1293 0.4* 57 18 12.3** 
E X P in 1ST-3IG-C3 27 1002 0.3 98 18 8.1** 
E X P in 2ST-3IG-C2 27 763 0.1 74 18 6.3** 
E X P in CB-2ST-1IG-C3 27 1092 0.3 134** 18 3.4 
E X P in 1ST-1IG-C5 27 1069 0.3 106 18 3.2 
E X P in CO 36 1693** 0.4** 90 24 10.9** 
Error 228 972 0.2 78 216 2.6 
C.V. (%) 13.5 15.9 8.9 5.6 
* ** 
' Significant at the 0.05 and 0.01 probability levels, 
respectively. 
56 
Table 13. Analysis of variance for four traits of lines from AP6 late 
combined across four environments 
Mean 
Mean Squares Squares 
Yield Lodging Height Maturity 
Environments (E) 3 469253** 72.0** 3140** 2 935.1** 
Replications/E 4 18874 6.4 471 3 92.0 
Parents (P) 73 2608** 1.4** 900** 73 45.3** 
Strategies (S) 6 5422* 3.5** 1083** 6 80.9** 
P/Strategies (P/S) 67 2356** 1.2** 883** 67 42.1** 
P in 1ST-1IG-C3 9 1284 2.2** 865** 9 40.5** 
P in 2ST-1IG-C3 9 2002 1.1** 858** 9 53.8** 
P in 1ST-3IG-C3 9 1845 0.6 733** 9 33.8** 
P in 2ST-3ÎG-C2 9 3098* 1.3* 430** 9 31.4** 
P in CB-2ST-1IG-C3 9 2870* 2.0** 1560** 9 47.6** 
P in 1ST-1IG-C5 9 2968* 1.4** 669** 9 47.4** 
P in CO 13 2403* 0.4 1011** 13 40.7** 
E X P 219 985** 0.4** 64** 146 5.9** 
E X S 18 1452** 0.5** 117** 12 10.0** 
E X P/S 201 943* 0.3** 59** 134 5.5** 
E X P in 1ST-1IG-C3 27 730 0.3* 63 18 6.1** 
E X P in 2ST-1ÏG-C3 27 1080 0.3 52 18 3.8 
E X P in 1ST-3IG-C3 27 848 0.3* 105** 18 6.6** 
E X P in 2ST-3IG-C2 27 1144 0.5** 62 18 2.2 
E X P in CB-2ST-1IG-C3 27 1180 0.3 41 18 5.8** 
E X P in 1ST-1IG-C5 27 383 0.4** 41 18 4.3* 
E X P in CO 39 1147 0.4** 51 26 9.0** 
Error 292 831 0.2 51 219 2.7 
C.V. (%) 12.3 13.9 6.9 4.3 
* ** 
' Significant at the 0.05 and 0.01 probability levels, 
respectively. 
Sources of 
Variation 
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for lodging in the early and late maturity classes (Tables 11-13). 
Because all the lines were selected based on their high-yielding ability, 
less variability for seed yield compared with the variability for 
maturity, logding, and plant height is expected to be present among the 
lines within the strategy. 
The interactions environments by lines, environments by strategies, 
and environments by lines within strategies were significant (P<0.05) for 
all traits in all three maturity classes, except for plant height in the 
early and midseason classes (Tables 11-13). The significant interaction 
indicated that the relative differences among lines, strategies, and 
lines within strategies were not consistent among the environments where 
they were tested. 
The coefficients of variation for each trait, based on data combined 
across four environments, were similar in magnitude for all three 
maturity classes (Tables 11-13). The data for lodging had the highest 
coefficients, ranging from 13.9 to 20.9%. Maturity data had the lowest 
coefficients, ranging from 4.3 to 7.1%. Data collected at individual 
environments showed a larger variation, ranging from 8.2 to 22.0% for 
lodging and 2.4 to 8.2% for maturity. 
Stages of Yield Testing Between Cycles of Selection 
Strategies that used the same number of generations of intermating 
for population development and with one or two stages of yield test were 
compared to assess the genetic change caused by the number of stages of 
yield testing. 
The comparison of the genetic improvement obtained with one or two 
stages of yield testing with one generation of intermating involved the 
selection strategies 1ST-1IG-C3, IST-IIG—C5 and 2ST-1IG-C3. The mean 
yield of 2ST-1IG-C3 with a two-stage yield test, averaged over 
environments, was higher than the mean yield of 1ST-1IG-C3 or 1ST-1IG-C5 
with a one-stage yield test for all maturity classes (Tables 14-16). 
Compared with the CO parents, 2ST-1IG-C3 was significantly greater in 
each of the maturity classes, which indicated that genetic gain had been 
achieved with the selection strategy. Significant genetic gain was also 
detected for 1ST-1IG-C3 and 1ST-1IG-C5 in the early and late classes, but 
was not for the midseason. A frequency distribution of the parents was 
prepared based on their individual mean values (Figures 1-3). Also, the 
relative performance of parents from the selection strategies was 
compared by computing an overall mean yield for all parents in the test 
[2 2 
and the standard error of a parent mean, ^ ^/n, where was the 
experimental error and n was the total number of replications of each 
parent. Based on the individual parent deviation from the overall mean, 
a frequency distribution was prepared. The frequency of individual lines 
with yields superior than the mean was greater for 2ST-1IG-C3 than for 
1ST-1IG-C3 or 1ST-1IG-C5 (Tables 14-16). For example, in the late 
maturity class, 70% of the 2ST-1IG-C3 parents had mean yield values equal 
to or greater than one standard deviation from the overall mean, but only 
30% of the 1ST-1IG-C3 lines and 50% of the 1ST-1IG-C5 lines were 
represented in such a high level of performance. The parent with the 
highest mean yield was produced by the selection strategy 2ST-1IG-C3 (273 
-2 -2 
g m ) and the lowest ones from 1ST-1IG-C3 (221 g m ) and 1ST-1IG-C5 
(207 g m"2). 
Table 14. Mean, range, and frequency distribution of the early maturity parents from alternative 
recurrent selection strategies and the cycle 0 parents for seed yield relative to the 
overall mean of all parents averaged over four environments 
Yield 
Strategy 
Mean Range 
Standard Deviations from the Mean of All Parents 
-3 to -2 to -1 to 0 to 1 to 2 to >3 
<-3 <-2 <-l <0 <1 <2 <3 
1ST-1IG-C3 
2ST-1IG-C3 
IST-3IG-C3 
2ST-3IG-C2 
CU-2ST-1IG-C3 
1ST-1IG-C5 
CO parents 
L.S.D.(0.05) 
245 
257 
232 
239 
256 
252 
216  
8 
g m -2 
234 - 259 
227 - 280 
205 - 271 
227 - 252 
218 - 274 
234 - 266 
159 - 259 
0 
2 
3 
G 
No. of lines 
4 3 
1 
3 
3 
1 
1 
1 
1 
1 
4 
1 
4 
2 
3 
3 
0 
3 
4 
1 
3 
1 
3 
1 
Table 15. Mean, range, and frequency distribution of the midseason maturity parents from 
alternative recurrent selection strategies and the cycle 0 parents for seed yield 
relative to the overall mean of all parents averaged over four environments 
. Standard Deviations from the Mean of All Parents Yield 
-3 to -2 to -1 to 0 to 1 to 2 to >3 
Mean Range <-3 <-2 <-l <0 <1 <2 <3 
-2  g m No. of lines 
1ST-1IG-C3 227 206 - 256 4 0 3 1 2 
2ST-1IG-C3 243 231 - 264 4 2 3 1 
1ST-3IG-C3 229 209 - 242 1 3 4 2 
2ST-3IG-C2 240 218 - 258 1 2 6 0 1 
CB-2ST-1IG-C3 248 215 - 265 1 1 0 5 3 
1ST-1IG-C5 233 212 - 269 1 4 1 2 1 0 
CO parents 231 178 - 264 1 2 1 3 3 1 2 
L.S.D.(0.05) 10 
Table 16. Mean, range, and frequency distribution of the late maturity parents from alternative 
recurrent selection strategies and the cycle 0 parents for seed yield relative to the 
overall mean of all parents averaged over four environments 
Yield Standard Deviations from the Mean of All Parents 
Strategy 
Mean Range 
-3 to -2 to -1 to 0 to 1 to 2 to 
<-3 <-2 <-l <0 <1 <2 <3 
>3 
1ST-1IG-C3 
2ST-1IG-C3 
1ST-3IG-C3 
2ST-3IG-C2 
CB-2ST-1IG-C3 
IST-1IG-C5 
CO parents 
L.S.D.(0.05) 
239 
246 
236 
244 
255 
241 
230 
9 
g m -2 
221 - 257 
221 - 273 
207 - 258 
212 - 271 
224 - 286 
207 - 259 
195 - 253 
2 
2 
1 
3 
1 
2 
2 
No. of lines 
4 2 
2 
1 
0 
2 
0 
3 
1 
5 
2 
1 
1 
3 
2 
4 
1 
1 
2 
5 
1 
50 
30 
10 
50 
30 • 
1 0  •  
50 • 
30 • 
10 • 
50 • 
30 • 
1 0  •  
50 • 
30 • 
1 0  •  
50 • 
30 -
10  -
gure 
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175 195 215 235 255 275 295 
Seed yield (g m 
Frequency distribution of yields of the 10 
parents of 1ST-1IG-C3, 2ST-1IG-C3, 1ST-3IG-C3, 2ST-3IG-
C2, CB-2ST-1IG-C3, and 1ST-1IG-C5 for the early maturity 
class (the mean of the lines is indicated by an arrow in 
the distribution). 
50 
30 
10 
50 • 
30 • 
10  •  
50 • 
30 • 
1 0  •  
50 • 
30 • 
10 -
50 -
30 -
10 -
50 -
30 -
1 0  -
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•MM 
175 195 215 235 255 275 295 
Seed yield (g m"^) 
Frequency distribution of yields of the 10 
parents of 1ST-1IG-C3, 2ST-1IG-C3, 1ST-3IG-C3, 2ST-3IG-
C2, CB—2ST—1IG-C3, and 1ST—IIG—C5 for the iiiidseason 
maturity class (the mean of the lines is indicated bv an 
arrow in the distribution) 
50 
30 
10 
50 • 
30 • 
1 0  •  
50 • 
30 • 
10 •  
50 • 
30 • 
10 -
50 -
30 -
10 -
50 -
30 -
10  -
6 4 
175 195 215 235 255 275 295 
Seed yield (g m 
Frequency distribution of yields of the 10 
parents of 1ST-1IG-C3, 2ST-1IG-C3, 1ST-3IG-C3, 2ST-3IG-
C2, CB-2ST—1IG-C3, and 1ST-1IG-C5 for the late maturity 
class (the mean of the lines is indicated by an arrow in 
the distribution). 
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Based on three generations of intermating, the comparison between 
one and two stages of yield testing involved the selection strategies 
1ST-3IG-C3 and 2ST-3IG-C2. Even though 2ST-3IG-C2 had undergone one less 
cycle of selection, it had a superior mean yield to that of 1ST-3IG-C3 in 
each of the maturity classes (Tables 14-16). The mean yield of 2ST-3IG-
C2 was higher than the mean yield of the CO parents in all maturity 
classes, although the difference was not significant for the midseason 
class. For 1ST-3IG-C3, the significant genetic gain only was detected in 
the early population. Figures 1-3 show that the lowest-yielding parents 
for all three maturity classes were from 1ST-3IG-C3. The highest-
yielding parents for the midseason and late maturity were from 2ST-3IG-
C2, while for early maturity the highest-yielding parent was from IST-
3IG-C3. There was a greater frequency of high-yielding parents for 2ST-
3IG-C2 than for 1ST-3IG-C3 in the midseason and late populations, but not 
for the early. For example, in the late population 40% of the parents of 
2ST-3IG-C2 were at least one standard deviation above the overall mean; 
while only 10% of the parents from 1ST-3IG-C3 had such a high 
performance. 
Number of Generation of Intermating Between Cycles of Selection 
The effect of the number of generations of intermating between 
cycles of selection on the genetic improvement of a population conducted 
by recurrent selection was evaluated by comparing the selection 
strategies with one stage of yield testing. The mean yields of IST-lIG-
C3 and 1ST-1IG-C5 with one generation of intermatimg were significantly 
greater than 1ST-3IG-C3 with three generations of intermating for the 
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early maturity class (Table 14), but no significant differences between 
them were found for the midseason and late classes (Tables 15 and 16). 
The highest-yielding parent for midseason and late populations was from 
1ST-1IG-C5, but for the early population it was from 1ST-3IG-C3 (Figures 
1-3). The lowest-yielding parent was from 1ST-3IG-C3 in all three 
populations. The frequency distribution of the lines, based on their 
standard deviation from the overall mean, indicated that 30% of the IST-
1IG-C3 lines for the early class and 20% for the midseason and late 
classes were distributed one standard deviation above the mean, while 
there were no 1ST-3IG-C3 lines at such a high yield level for the early 
and midseason classes and only 10% for the late class. 
The strategies with a two-stage yield test were used to compare the 
effect of number of generations of intermating between cycles of 
selection. The comparison involved 2ST-1IG-C3 and 2ST-3IG-C2. The use 
of three cycles of selection for 2ST-1IG-C3 and two cycles for 2ST-3IG-C2 
does not affect the comparison if genetic gain per year is the primary 
objective. The mean yields for 2ST-1IG-C3 were superior to 2ST-3IG-C2 in 
all three maturity classes, but not significantly different in the 
midseason and late classes. For 2ST-1IG-C3, the mean yields were higher 
than the mean of the CO parents in all three maturity classes, but for 
2ST-3IG-C2 there was no significant difference in the midseason maturity 
(Tables 14-16). The highest-yielding parent in all maturity classes was 
from 2ST-1IG-C3 and the lowest was from 2ST-3IG-C2 (Figures 1-3). The 
distribution of the lines, based on the standard deviation from the 
overall mean, indicated the same superiority of the strategy with one 
generation of intermating compared with three intermatings. For example, 
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in the early maturity class, 70% of the 2ST-1IG-C3 lines had means one 
standard deviation above the overall mean, whereas there was no line from 
2ST-3IG-C2 classified in such a high performance group (Table 14). 
CB-2ST-3IG-C3, 1ST-1IG-C5, CO Parents, and Controls 
The selection strategy CB-2ST-1IG-C3 was developed in an attempt to 
represent a conventional breeding system. Each cycle of selection for 
CB-2ST-1IG-C3 had two stages of yield testing and one generation of 
intermating. Compared with 2ST-1IG-C3 and 2ST-3IG-C2, the other two 
strategies with a two-stage yield test, the CB-2ST-1IG-C3 had the least 
opportunity for recombination, the 2ST-3IG-C2 had the most, and the 2ST-
1IG-C3 had an intermediate level. Even though the strategies had a 
different total number of cycles of selection, the comparison would be 
appropriate if genetic gain per year is the primary goal. 
The mean yields for CB-2ST-1IG-C3 were the highest ones in the 
midseason and late maturity classes and only 1 g m ^ lower than 2ST-1IG-
C3, which was the highest one in the early class. For all maturities, 
the mean yields for CB-2ST-1IG-C3 and 2ST-1IG-C3 were significantly 
higher than the CO parents (Tables 14-16) which indicated that genetic 
gain had been achieved with the two selection strategy. There were no 
significant differences between the mean yields of 2ST-3IG-C2 and the CO 
parents. 
The highest-yielding parent for early maturity was from 2ST-1IG-C3 
-2 -7 
with 280 g m and for late class was from CB-2ST-1IG-C3 with 286 g m ~ 
(Figures 1 and 3). The frequency distribution for individual parents, 
based on standard deviation from the mean of all parents, indicated that 
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the largest number of high-yielding lines were produced by CB-2ST-1IG-C3, 
followed by 2ST-1IG-C3 and 2ST-3IG-C2 in all three maturity classes. For 
example, in the midseason class, 80% of the CB-2ST-1IG-C3 lines, 40% of 
the 2ST-1IG-C3 lines, and only 10% of the 2ST-3IG-C2 lines were at least 
one standard deviation above the overall mean (Tables 14-16). 
Among all the strategies tested, 1ST-1IG-C5 had the largest number 
of cycles of selection, because only 2 years were required to complete 
each cycle. The parents of 1ST-1IG-C3 also were evaluated in this study. 
Therefore, by comparing cycles 3 and 5, it was possible to determine if 
progress was made with two more cycles of selection for the strategy with 
a one-stage yield test and one generation of intermating. The mean 
yields were higher for 1ST-1IG-C5 than for 1ST-1IG-C3 in all three 
maturity classes, but the differences were not significant (Tables 14-
16). The highest-yielding line in all three maturities was from IST-IIG— 
C5. The distribution of the lines, based on the standard deviation from 
the overall mean, also indicated that 1ST-1IG-C5 had more high-yielding 
lines than 1ST-1IG-C3 (Tables 14-16). For the early maturity class, 70% 
of the lines from 1ST-1IG-C5 were at least one standard deviation above 
the mean, but for 1ST-1IG-C3 only 30% of the lines were included in such 
a high-yielding group (Table 14). These results showed that two 
additional cycles of selection increased the number of high-yielding 
parents and improved the population means. 
All of the selection strategies used in this study improved mean 
yield and the frequency of high-yielding lines in one or more of the 
three maturity classes. The only strategies which had lower mean yields 
than the CO parents were 1ST-1IG-C3 and 1ST-3IG-C3 for the midseason 
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maturity classes, however, the differences were not significant (Table 
15). 
For the early maturity class, there was no line that yielded more 
than the highest-yielding check cultivar. For the midseason maturity 
class, the best line in the test, which was from 1ST-1IG-C5, outyielded 
the best check cultivar (Pride B216) by 3 g m In the late maturity 
class, CB-2ST-1IG-C3 produced the highest-yielding line, which yielded 10 
g m ^ more than the best check cultivar, Cumberland. The results 
indicated that high-yielding lines with potential to be released as 
cultivars can be obtained from the selection strategies tested. 
Unselected Traits 
Across maturity classes, no consistent differences among selection 
strategies were observed for maturity, lodging, and plant height (Table 
17). For the early maturity class, all of the strategies were 
significantly later than the CO parents. This was due to the influence 
of several Maturity Group 0 strains that were included in the formation 
of the population AP6. During the development of the strategies, no 
lines earlier than Hodgson of Maturity Group I were accepted as parents 
for the early populations. There was a tendency for the mean lodging of 
the parents of the strategies to be greater than that for the CO parents 
in each of the maturity classes. Neither plant height nor lodging were 
considered in choosing parents during recurrent selection. There was a 
tendency for the plants to get taller and lodge more in the late maturity 
populations than in the early ones (Table 17). For example, the strategy 
1ST-1IG-C3 had lodging scores of 1.9 for the early, 3.1 for the 
Table 17. Mean maturity, plant height, and lodging for alternative strategies of recurrent 
selection and the cycle 0 parents for early, midseason, and late maturity populations 
averaged over four environments 
Maturity Class 
Early Midseason Late 
Strategy 
Maturity Plant 
Height 
Lodging Maturity Plant 
Height 
Lodging Maturity Plant 
Height 
Lodging 
(days)^ (cm) / \b (score) (days) (cm) (score) (days) (cm) (score) 
1ST-1IG-C3 24 78 1.9 36 100 3.1 45 105 3.4 
2ST-1IG-C3 26 78 . 1.9 37 89 2.9 45 107 3.6 
1ST-3IG-C3 25 83 2.3 38 101 3.5 45 113 3.9 
2ST-3IG-C2 26 87 2.3 40 107 3.2 43 105 3.6 
CB-2ST-1IG-C3 26 75 2.0 38 85 2.9 46 106 3.6 
1ST-1IG-C5 24 78 2.1 38 99 3.1 45 105 3.7 
CO parents 20 72 1.8 35 96 2.7 47 112 3.2 
L.S.D.(0.05) 0.4 3 0.1 0.6 3 0.1 0.6 3 0.1 
yDays after 31 August. 
Scores ranged from 1.0, all plants erect, to 5.0, all plants prostrate. 
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midseason, and 3.4 for the late class. For plant height, the 
measurements were 78 cm for the early class, 100 cm for the midseason, 
and 105 cm for late class. The same trend can be observed for the other 
strategies. 
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DISCUSSION 
The main objective of a recurrent selection program is to improve 
the population mean for a particular trait or traits under selection, 
which permits superior lines to be obtained from the improved population. 
The ultimate goal of a plant breeder is to produce lines with 
characteristics superior to the existing cultivars. All of the selection 
strategies tested in my study were effective in one or more of the three 
maturity classes for improving the mean yield and the frequency of high-
yielding lines in the population AP6- Kenworthy and Brim (1979) and 
Sumarno and Fehr (1982) also reported genetic gain in soybean populations 
with recurrent selection for seed yield. Kenworthy and Brim (1979) found 
that some of the lines from the improved populations had greater 
productivity than the original parents. 
The unique aspect of my study was that it provided information for 
the plant breeder on two major considerations in the planning and 
implementation of a recurrent selection program- The first consideration 
was related to the amount of yield testing in selecting the superior 
individuals to be used as parents for the next cycle of selection. The 
second consideration dealt with the amount of recombination among the 
selected parents to form the population for the next cycle. 
Yield improvement was obtained with all selection strategies. The 
mean yields of all strategies in all maturity classes were higher than 
the mean yields of the CO parents, except for the strategies 1ST-1IG-C3 
and 1ST-3IG-C3 in the midseason maturity class. The strategy CB-2ST-1IG-
C3 had the highest overall mean yields. Based on population mean yields 
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these results showed that genetic improvement was obtained with all 
selection strategies. 
The highest-yielding parents of all strategies were superior to the 
best CO parent in one or more of the three maturity classes, except for 
1ST-1IG-C3. Also, there were two parents, one from 1ST-1IG-C5 and the 
other from CB-2ST-1IG-C3, that were better than the best check cultivar. 
These results indicated that yield improvement was observed based on 
individual line performance. Kenworthy and Brim (1979) worked with 
recurrent selection for seed yield in soybean and also found that after 
three cycles of selection, 10 lines outyielded the highly productive 
line used as parent. 
The results showed that a two-stage yield test for seed yield was 
superior to the one-stage yield test for improving a population from 
which high—yielding lines could be obtained. The superiority was present 
whether considering genetic gain per cycle of selection or per year. In 
the time period from the initiation of the selection programs in 1974 
until 1982, it was possible to complete five cycles of 1ST—IIG and three 
cycles of CB-2ST-1IG and 2ST-1IG. Even though the number of cycles was 
fewer for the strategies with a two-stage yield test, their frequency of 
high-yielding lines was greater than for the strategy with the one-stage 
yield test (Tables 14-16). 
The differences observed in the comparison of the genetic gain 
obtained for the one-stage and two-stage strategies can be attributed to 
the testing procedure used for each. The first year of yield testing for 
all selection strategies was done in hill plots at two locations. The 
second year of yield testing for the two-stage strategies involved row 
plots at three locations. The reason for the adoption of this procedure 
was that it permitted the completion of a cycle of selection with F^-
derived lines every 2 years for the strategy IST-IIG. The seed 
production of a plant was not sufficient to plant row plots, but was 
enough for hill plots. Use of row plots for the first year of yield 
testing would have required a season of seed increase, which would have 
increased by 1 year the time required to complete one cycle of selection. 
There are two factors that would explain the superiority of the 
results observed with two—stage yield test. One factor is the difference 
in experimental error associated with hill plots and row plots. Garland 
and Fehr (1981) compared hill and row plots at four Iowa locations during 
2 years. The experimental error was about 50% smaller for row plots than 
for hill plots. They computed the actual genetic gain from selection and 
obtained an average of 2.5 q ha ^ for hill plots and 3.0 q ha ^ for row 
plots. The second factor favoring the two-stage yield test is the 
greater number of observations for the second year of evaluation than for 
the first year. One additional location in the second yield test 
provided a better assessment of genotype by environment interaction and a 
greater number of observations for calculating the line mean. Use of a 
total of six replications per entry for the two-stage test compared with 
four for the one-stage strategies would result in a smaller standard 
error of the mean. Consequently, the accuracy with which genetic 
differences among lines could be determined would be greater. 
The two-stage yield test for recurrent selection fits well into a 
cultivar development program and represents an alternative to a more 
conventional testing program in which seed from individual plants is 
increased for one season before lines are evaluated in row plots. The 
choice between the two testing procedures depends largely on the 
confidence that a breeder has in yield data obtained from hill plots and 
on other resources available for testing. Both the two-stage and the 
conventional test permit the use of visual selection to discard lines 
that are unacceptable for yield testing. For the two-stage yield test, 
half of the lines planted in hill plots was visually selected for 
harvest. In a conventional test, visual selection could be practiced 
during the season of seed increase. 
The two-stage yield test requires less land area than the 
conventional test because of the smaller size of the hill plots. During 
the first year, the two-stage yield test would utilize 400 hill plots 
(100 lines grown in two replications at two locations) and 180 row plots 
in the second year (30 lines grown in two replications at three 
locations). The total plot requirement for the two-stage yield test 
would be 580. For a conventional test, 100 lines grown in two 
replications of row plots at three locations would require 600 plots. 
The two-stage yield test strategies, compared with the one-stage, 
require a longer time to complete a cycle of selection. The advantage in 
having a longer cycle time is that artificial hybridization has to be 
made less frequently. Although more plots are involved for replicated 
testing with the two-stage program, much of the investment for the second 
year cannot be avoided when recurrent selection is an integral part of 
cultivar development. Lines with superior performance in the first year 
would be evaluated routinely the next year to determine if they had 
potential for release as cultivars. 
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The results of the comparison between one and three generations of 
intermating between cycles of selection indicated that a larger number of 
high-yielding lines was obtained from the strategies which had only one 
generation of intermating. The observed results did not support Hanson's 
(1959) theoretical work. He pointed out that at least one or two, and 
most preferable three or four, generations of intermating would be 
desirable before starting the selfing phase. My results were in 
agreement with Altman and Busch (1984) who observed that the genetic 
variance for grain yield and the frequency of high-yielding lines in 
spring wheat did not consistently increase by random mating within single 
cross populations. The data also agreed with the theoretical studies 
done by Ped-erson (1974) who stated that the odds are against the 
usefulness of intermating F2 population before selection and by Bos 
(1977) who concluded that intermating F2 plants can not be considered a 
possibility of increasing the frequency of desirable genotypes. 
My study has demonstrated that several strategies of recurrent 
selection can be used successfully to increase seed yield in soybean, and 
that populations developed by recurrent selection can be used as a source 
of high-yielding lines for use as cultivars. An appropriate strategy 
would involve the use of a two-stage yield test to select the highest-
yielding lines and one generation of intermating among the selected lines 
to form a new population. 
SUMMARY AND CONCLUSIONS 
Lines from five strategies of recurrent selection were conducted in 
the AP6 soybean population. The objectives were to evaluate the effect 
of one or two stages of yield testing and one or three generations of 
intermating between cycles of selection on the genetic gain for seed 
yield. The study also provided a comparison of the recurrent selection 
strategies with a more conventional breeding system. 
The development of the cycle 0 population of AP6 involved three 
generations of intermating among 40 high-yielding strains from Maturity 
Groups 0 to IV. Ten parents of each one of the following strategies of 
cycles of selection were derived from the population AP6: a) cycles 3 
and 5 of IST-IIG, which involved one stage of yield testing and one 
generation of intermating; b) cycle 3 of 2ST-1IG, which involved two 
stages of yield testing and one generation of intermating; c) cycle 3 of 
1ST-3IG, which had one stage of yield testing and three generations of 
intermating; d) cycle 2 of 2ST-3IG, which had two stages of yield testing 
and three generations of intermating; and e) cycle 3 of CB-2ST-1IG which 
had two stages of yield testing and one generation of intermating, using 
two-way crosses. The 40 original parents of AP6 and commercial check 
cultivars also were included in the test. The parents of the strategies 
were subdivided into three maturity classes: early, midseason, and late. 
The traits seed yield, maturity, lodging, and plant height were evaluated 
at four Iowa environments during 1983 and 1984. 
Genetic improvement for seed yield was obtained for all strategies 
when compared with the CO parents. The highest mean yield increase was 
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produced by CB-2ST-1IG-C3 and the next highest was 2ST-1IG-C3. There was 
at least one line from each strategy that had a higher yield than the 
highest-yielding CO parent, except for 1ST-1IG-C3. There were two lines, 
one from CB-2ST-1IG-C3 and the other from 1ST-1IG-C5 which showed better 
yield performance than the best check cultivar, indicating that lines can 
be produced with potential to be released as cultivars. 
Comparisons between selection strategies with the same number of 
generations of intermating indicated that the two-stage yield test 
produced a larger number of high-yielding lines than the one-stage test. 
Selection strategies with the same number of stages of yield testing 
indicated that one generation of intermating between cycles of selection 
produced a larger number of high-yielding lines than did three 
generations of intermating. 
Recurrent selection for seed yield in soybean showed positive 
results. A two-stage yield test to identify superior individuals and one 
generation of intermating among the selected individuals would be an 
effective strategy for improving the mean seed yield of a population and 
for obtaining high-yielding lines for release as cultivars. 
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APPENDIX A: ANALYSES OF VARIANCE FOR FOUR TRAITS OF PARENTS FROM 
AP6 POPULATIONS AT INDIVIDUAL ENVIRONMENTS 
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Table Al. Analysis of variance for four traits of parents from AP6 early 
maturity populations at Ames in 1983 
Sources of 
Variation 
Mean Squares 
df Yield Maturity Lodging Height 
Replications 1 5251 8.9* 6.7** 141** 
Parents (P) 72 4467** 40.0** 0.8** 231** 
Strategies 6 14943** 193.9** 0.8** 533** 
P/Strategies 66 3515** 25.3** 0.8** 203** 
P in 1ST-1IG-C3 9 1309 20.9** 0.7** 233** 
P in 2ST-1IG-C3 9 2037 16.0** 0.4 177** 
P in 1ST-3IG-C3 9 7454** 50.7** 1.3** 376** 
P in 2ST-3IG-C2 9 2279 25-8** 0.5* 205** 
P in CB-2ST-1IG-C3 9 631 7.7** 0.9** 125* 
P in 1ST-1IG-C5 9 1741 6.9** 0.5 113* 
P in CO 12 3961* 45.5* 1.0** 208** 
Error 72 1813 1.8 0.2 49 
C.V. (%) 16.8 7.3 18.9 9.0 
* ** 
Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table k l .  Analyses of variance for four traits of parents from AP6 
early at individual locations in 1984 
Mean Squares 
Sources of 
Variation df 
Ames 
Yield Maturity Lodging Height 
Replications 1 616 17.6 0.0 101 
Parents (P) 72 141564** 26.5** 0.5 229** 
Strategies 6 7091** 98.4** 1.9** 723** 
P/Strategies 66 1500** 20.1** 0.3* 184** 
F in 1ST-1IG-C3 9 153 26.3** 0.1 438** 
F in 2ST-1IG-C3 9 1167 21.8** 0.3 71 
F in 1ST-3IG-C3 9 632 22.9** 0.5** 173 
F in 2ST-3IG-C2 9 1110 17.3** 0.9** 178 
F in CB-2ST-1IG-C3 9 564 6.5* 0.2 50 
F in 1ST-1IG-C5 9 598 9.1* 0.2 125 
F in CO 12 5083** 33.7** 0.1 240** 
Error 72 789 2.6 0.2 95 
C.V. (%) 10.8 4.3 22.0 10.3 
* ** 
' Significant at the 0.05 and 0.01 probability levels, 
respectively. 
Table A2. (continued) 
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Mean Squares 
Corwith Knierim 
Yield Maturity Lodging Height Yield Lodging Height 
2746** 
1936** 
9714** 
1229** 
327 
126 
336 
371 
753* 
351 
5060** 
13.9** 
28.8** 
106.2** 
21.7** 
26.0** 
14.5** 
26.6** 
21.3** 
4.9** 
3.8* 
46.7** 
0.7** 
0.2* 
0.6** 
0.2** 
0 . 1  
0 . 0  
0.4** 
0 . 2  
0 . 1  
0.3** 
0 . 1  
1 
250** 
833** 
197** 
229** 
123** 
146** 
336** 
280** 
48 
212** 
1307 
1495** 
5395** 
1141** 
198 
693 
533 
603 
145 
796* 
4049** 
0 . 1  
0.3** 
0.9** 
0.2** 
0.2** 
0 .1*  
0.4** 
0.5** 
0.1* 
0.2** 
0.1** 
1 
298** 
749** 
257** 
327** 
796** 
230* 
119 
179 
55 
137 
316 1.7 0 . 1  50 346 0.0 95 
8.7 8.2 17.2 19.7 7.8 11.4 13.3 
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Table A3. Analysis of variance for four traits of parents from AP6 
midseason maturity populations at Ames in 1983 
Mean Squares 
Sources of : 
Variation df Yield Maturity Lodging Height 
Replications 1 3110 19.1** 1.1* 472** 
Parents (P) 72 2526 47.0** 0.8** 268** 
Strategies 6 5764* 138.4** 2.0** 1269** 
F/Strategies 66 2232 38.4** 0.7** 177** 
P in 1ST-1IG-C3 9 1823 21.8** 0.5* 159** 
P in 2ST-1IG-C3 9 2729 44.7** 0.9** 146** 
P in 1ST-3IG-C3 9 1839 38.5** 0.4* 250** 
P in 2ST-3IG-C2 9 360 28.8** 0.1 168** 
P in CB-2ST-1IG-C3 9 3780 11.5** 0.9** 164** 
P in 1ST-1IG-C5 9 2581 17.9** 0.3 108* 
P in CO 12 2443 88.1** 1.3** 230** 
Error 72 2332 2.7 0.2 50 
C.V. (%) 15.8 5.9 12.7 7.4 
* ** 
' Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table A4. Analyses of variance for four traits of parents from AP6 
midseason at individual locations in 1984 
Mean Squares 
Sources of 
Variation df 
Ames 
Yield Maturity Lodging Height 
Replications 1 9967** 0.0 3.9** 1593** 
Parents (P) 72 1716** 17.8** 0.7** 319** 
Strategies 6 2994** 22.8** 2.9** 1169** 
P/Strategies 66 1627 17.4** 0.5** 241** 
P in 1ST-1IG-C3 9 365 15.0** 0.3 109 
P in 2ST-1IG-C3 9 757 16.0** 0.3 317** 
P in 1ST-3IG-C3 9 1233 23.3** 1.4** 266** 
P in 2ST-3IG-C2 9 876 8.7* 0.3 104 
P in CB-2ST-1IG-C3 9 432 11.2** 0.3 216** 
P in 1ST-1IG-C5 9 2213 13.4** 0.6** 275** 
P in CO 12 4543** 29.9** 0.4* 363** 
Error 72 1192 4.0 0.2 74 
C.V. (%) 14.8 4.5 17.5 8.7 
* ** 
Significant at 
respectively. 
the 0.05 and 0.01 probability levels, 
Table A4, (continued) 
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Mean Squares 
Stuart Marshalltown 
Yield Maturity Lodging Height Yield Lodging Height 
9425** 
677** 
2523** 
509** 
527** 
504** 
252* 
530** 
528** 
380** 
749** 
122 
21.6** 
13.7** 
28.1** 
12.3** 
7.5** 
7.9** 
19.5** 
4.2** 
2 . 6  
6.9* 
31.5** 
1.3 
0.3 
0.7** 
2.5** 
0.5** 
0.6** 
0.4** 
1.1**  
0.3 
0 . 2  
0.5** 
0.3 
0 . 1  
130 
232** 
872** 
174** 
236** 
190** 
134** 
214** 
179** 
98** 
167** 
171 
296 
891** 
2060** 
785** 
1199** 
1018** 
593 
1083** 
363 
359 
855** 
307 
0 . 0  
0.5** 
1.5** 
0.4** 
0.5* 
0.7** 
0 . 1  
0.2** 
0.8**  
0 . 2  
0.5* 
0 . 2  
1106** 
406** 
1281** 
327** 
219* 
371** 
325** 
209 
401** 
263* 
458** 
107 
5.7 2.9 15.2 4.3 1.3 12.4 10.6 
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Table A5. Analysis of variance for four traits of parents from AP6 late 
maturity populations at Ames in 1983 
Sources of 
Variation 
Mean Squares 
df Yield Maturity Lodging Height 
Replications 1 10982* 3.7* 1.0* 675** 
Parents (P) 73 2642 9.4** 0.6** 315** 
Strategies 6 9473 24.2** 1.0** 493** 
P/Strategies 67 2567 8.1** 0.6** 299** 
P in 1ST-1IG-C3 9 1117 14.4** 0.4* 219** 
P in 2ST-1IG-C3 9 1831 6.8** 0.5* 246** 
P in 1ST-3IG-C3 9 3069 8.7** 0.6** 391** 
P in 2ST-3IG-C2 9 3444 8.9** 0.8** 187** 
P in CB-2ST-1IG-C3 9 3855 4.8** 0.9** 512** 
P in 1ST-1IG-C5 9 1667 9.1** 0.8** 209** 
P in CO 13 2858 5.1** 0.4* 319** 
Error 73 2139 0.7 0.2 65 
C.V. (%) 14.3 2.4 13.6 7.7 
* ** 
' Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table A6. Analyses of variance for four traits of parents from AP6 
late at individual locations in 1984 
Mean Squares 
Sources of 
Variation df 
Ames 
Yield Maturity Lodging Height 
Replications 1 43169** 223.8** 19.7** 1092** 
Parents (?) 73 1064** 16.9** 0.6** 294** 
Strategies 6 2186** 17.1** 1.1** 329** 
P/Strategies 67 963** 16.9** 0.6** 291** 
P in 1ST-1IG-C3 9 874 4.6 0.7* 389** 
P in 2ST-1IG-C3 9 451 20.7** 0.4 297** 
P in 1ST-3IG-C3 9 421 21.9** 0.2 287** 
P in 2ST-3IG-C2 9 1269* 11.9** 0.7** 113* 
P in CB-2ST-1IG-C3 9 792 16.1** 0.9 443** 
P in lST-iIG-C5 9 1091* 18.5** 0.7* 172** 
P in CO 13 1573** 22.1** 0.5 321** 
Error 73 528 3.6 0.3 52 
C.V. (%) 10.1 3.7 16.9 6.7 
* ** 
Significant at 
respectively. 
the 0.05 and 0. 01 probability levels. 
Table A6. (continued) 
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Mean Squares 
Stuart Ottumwa 
Yield Maturity Lodging Height Yield Lodging Height 
14724** 
611* 
1288** 
551* 
429 
1541** 
268 
317 
496 
548 
346 
357.8** 
31.9** 
59.6** 
28.4** 
33.6** 
34.0** 
16.8** 
15.0** 
38.3** 
28.4** 
31.5** 
3.1** 
0.9** 
2.7** 
0.8** 
1.4** 
6.3** 
0.6** 
1.0** 
0.6** 
1.0** 
0 . 2  
132** 
221** 
391** 
206** 
210** 
224** 
149** 
115** 
283** 
184** 
255** 
6804** 
1246** 
2830** 
1104** 
1055** 
1420** 
629 
1498** 
1267** 
810* 
1066** 
1.7** 
0.3** 
0.3** 
0.3** 
0.6** 
0 . 1  
0 . 2 *  
0 . 1  
0.3** 
0.2* 
0.5** 
1 
260** 
219** 
264** 
237** 
247** 
221** 
202 
444** 
228** 
268** 
355 3.9 0 . 1  14 329 0 . 1  77 
9.8 4.1 11.3 3.5 7.8 8.2 7.7 
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APPENDIX B: MEAN VALUES FOR THE SELECTION STRATEGIES AND THE 
CYCLE 0 PARENTS FOR AP6 POPULATIONS AT INDIVIDUAL 
ENVIRONMENTS 
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Table Bl. Mean values for the selection strategies and the CO parents 
for AP6 early maturity populations at Ames in 1983 
Traits 
Strategy Yield Maturity Lodging Height 
(g m~ )^ (days) (score) (cm) 
1ST-1IG-C3 
^^ C^EFG •^^ ACDEG 
00
 
o
 
2ST-1IG-C3 20.SEP Z'^ABDEG ^^ BDG 
1ST-3IG-C3 IG'SgG 2 7 BCEFG BOsOG 
2ST-3IG-C2 
^^^BCEG 20"^CE Z'^DG 87 
CB-2ST-1IG-C3 
^^ •^ BDFG 20.1cf ^'•^ABCDG 74AG 
1ST-1IG-C5 Z^^ BCEF IS'SgD ^'^BCDEF ^^ BCDE 
CO parents ZlOg 12.2 Z'^BCE ^^E 
L.S.D.(0.05) 25 0.8 0.3 4 
^eans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-IIG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B2. Mean values for the selection strategies and the CO parents 
for AP6 early maturity populations at Ames in 1984 
Traits 
Strategy 
Yield Maturity Lodging Height 
(g m (days) (score) (cm) 
1ST-1IG-C3 
^^^CDFG 36.7 ^••^ACDEG ^^ACEG 
2ST-IIG-C3 
^^^BDFG 38'OFG '^^ABG ^°ABEG 
1ST-3IG-C3 
^®^BCFG 39.5EP 2.3E lOlp 
2ST-3IG-C2 251 
ABCDG ^^ •^ CDEG 106^ 
CB-2ST-1IG-C3 296 39.3DF ^•°ABG ^^ ABCG 
1ST-1IG-C5 
^^ B^CDF 37.9cf I'^ABCE ^^ ABCE 
CO parents 237F 33.5 
^'®BCEG ^^ BCEG 
L.S.D.(0.05) 17 1.0 0.3 6 
e^ans with subscript A do not differ from CO parents, B do not 
differ from 1ST-IIG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B3. Mean values for the selection strategies and the CO parents 
for AP6 early maturity populations at Corwith in 1984 
Traits 
Strategy 
Yield 
(g m"^ ) 
Maturity 
(days) 
Lodging 
(score) 
Height 
(cm) 
1ST-1IG-C3 ZISCEG* 15.7^ I'^ CEFG ^^CDEG 
2ST-1IG-C3 
^'^BEFG G^BDEG 
1ST-3IG-C3 ZOZpG Z'lpG 7°BCG 
2ST-3IG-C2 ZOlD 
^^ •^ CDE 
1 9 
• BCDG 75 
CB-2ST-1IG-C3 
^^ B^CG ^^ '^ CDF  ^* ^ ABCG 
1ST-1IG-C5 
^^^BDE 15.33 ^'^BCDEF ^^ BCD 
CO parents 166 11.9 l-^ E 55 
L.S.D.(0.05) 11 0.8 0.2 4 
e^ans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B4. Mean values for the selection strategies and the CO parents 
for AP6 early maturity populations at Knierim in 1984 
Traits 
Strategy 
Yield Lodging Height 
(g m ) (score) (cm) 
1ST-1IG_C3 243,EPS* 1.6%:%; ^^ CEG 
2ST-1IG-C3 257gg '^^ ABEG ^^ BDG 
1ST-3IG-C3 232gp 2.1^  80^  ^
2ST-3IG-C2 234gQ 2.0^^ 82, 
CB-2ST-1IG-C3 253,26 l.e^BCG G^ ABG 
1ST-1IG-C5 252ggg ^'^ABCE '^ ABCE 
CO parents 214 l'^BCEG 6*EG 
L.S.D.(0.05) 11 0.1 6 
^eans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B5. Mean values for the selection strategies and the CO parents 
for AP6 midseason maturity populations at Ames in 1983 
Traits 
Strategy 
Yield Maturity Lodging Height 
(g m (days) (score) (cm) 
!ST-1IG-C3 2%CDEG ".3 3.3^^^ 98^  ^
2ST-1IG-C3 28.5^^ ^'^BEG 
1ST-3IG-C3 313g^ gj,g 29.1^Pg 3.7^  99^  ^
2ST-3IG-C2 335^ 023 SO.lpg 3.7^ 2 109 
CB-2ST-1IG-C3 ^'^^ABCDFG 30.4^  "^'^ BCFG ^^ C 
IST-1IG-C5 ^°®ABCDEF '^^ BCE ^^BD 
CO parents 283^^^ 23.6 2.8 94 
L.S.D.(0.05) 31 1.0 0.3 4 
^eans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B6. Mean values for the selection strategies and the CO parents 
for AP6 midseason maturity populations at Ames in 1984 
Traits 
Strategy 
Yield Maturity Lodging Height 
(g m 2) (days) (score) (cm) 
1ST-1IG-C3 
^^^ACDFG 44'3cDE 2-6fg lO^ DG 
2ST-1IG-C3 
^^ B^DEFG ^^ '^ BDEFC 2'OAE 
1ST-3IG-C3 223 
ABCFG ^4-^BCEFG 3'OGF lOlABG 
2ST-3IG-C2 
^^ A^BCDG ^^ "^ CDEG ^•^BDG 109 
CB-2ST-1IG-C3 45"2gcDFG Z'^AC 0
0 
o
 
1ST-1IG-C5 
^^°ABCDF '^ •^^ CDEF ^•^BDF ^®^BD 
CO parents 223 
BDFG 42.9 Z'^CE 
L.S.D.(0.05) 22 1.3 0.3 5 
e^ans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B7. Mean values for the selection strategies and the CO parents 
for AP6 midseason maturity populations at Stuart in 1984 
Traits 
Strategy Yield Maturity Lodging Height 
_2 (g m ) (days) (score) (cm) 
1ST-1IG-C3 182op* 38.9c2 2.6^ 98,^ 
2ST-1IG-C3 202^  39.1^ %^ 2.3^ 89 
1ST-3IG-C3 39.5gç2g 3.1 ^^ ABG 
2ST-3IG-C2 ISGgog 41.5 2.8gg 105 
CB-2ST-1IG-C3 211 39.7 2.2^  ^ 85 
1ST-1IG-C5 189%, 40.1o2 2.73, 97^00 
CO parents 200^ 37.8 2.2^% 96gQg 
L.S.D.(0.05) 7 0.7 0.2 3 
^eans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B8. Mean values for the selection strategies and the CO parents 
for AP6 midseason maturity populations at MarshalItown in 1984 
Traits 
Strategy 
Yield Lodging Height 
(g m (score) (cm) 
1ST-1IG-C3 
2ST-1IG-C3 
1ST-3IG-C3 
2ST-3IG-C2 
CB-2ST-1IG-C3 
1ST-1IG-C5 
CO parents 
L.S.D.(0.05) 
201 CDEG 
212 ABFG 
197 BG 
213 
ACEG 
223 
AF 
203 
BCDF 
220 CEE 
11 
3.8 
3.9 
4.3 
3.7 
3.8 
CEFG 
BEFG 
ABCEG 
BCFG 
3.7 ABCEF 
3.5 EG 
0.3 
101 
91 
105 
107 
84 
98 
99 
ADEG 
BE 
BD 
AB 
BG 
e^ans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, E do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B9. Mean values for the selection strategies and the CO parents 
for AP6 late maturity populations at Ames in 1983 
Traits 
Strategy 
Yield Maturity Lodging Height 
(g m (days) (score) (cm) 
1ST-1IG-C3 313 ^ 
•'acdef 35.4CF ^•\fg ^°^CEFG 
2ST-1IG-C3 332 
ABDEFG ^^•°BEG ^•^defg 1°°BFG 
1ST-3IG-C3 339 
^^^BCEFG 34.Tp ^'^CEFG lllA 
2ST-3IG-C2 O ] Q 
ABCDEG 34.9BD ^•^BCDEG ^^BCG 
CB-2ST-1IG-C3 337 
BCDFG •^CG ^*®CDFG 
1ST-1IG-C5 
^^^ABCDEF 3G'0cE ^'ScDEF ^°^BCEF 
CO parents 
^°^BDFG 37.8 3.0b 10*DE 
L.S.D.(0.05) 29 0.5 0.3 5 
e^ans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST—1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table BIO. Mean values for the selection strategies and the CO parents 
for AP6 late maturity populations at Ames in 1984 
Traits 
Strategy 
Yield 
(g m"^) 
Maturity 
(days) 
Lodging 
(score) 
Height 
(cm) 
1ST-1IG-C3 
^^^ACDG 
SI 1 
CDEFG Z'^ACE lO^cEFG 
2ST-1IG-C3 
^^ A^BCFG Sl'^ BDEFG ^•°ABDEFG °^^ BEFG 
1ST-3IG-C3 
^^ A^BCG ^^•^BCEG •^^ CEFG U^A 
2ST-3IG-C2 
^^^CEG °^*^ BCG •^^ CDEG lO^BCEG 
CB-2ST-1IG-C3 244p 
^^•^ABCDG •^^ BCDFG lO^BCFG 
1ST-1IG-C5 
^^^ABCDF ^^ •^ BCDEF 
1 2 
CDEF ^°^BCEF 
CO parents ZlGgcDG 53.1^ •^®BC 
L.S.D.(0.05) 15 1.2 0.3 5 
^Means with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table Bll. Mean values for the selection strategies and the CO parents 
for AP6 late maturity populations at Stuart in 1984 
Traits 
Strategy Yield Maturity Lodging Height 
(g m (days) (score) (cm) 
1ST_1IG_C3 195ACPC* 48.9^ 2 9? 
2ST-1IG-C3 ^®®ABDFG ^^'^DEG ^'^BEFG 
1ST-3IG-C3 182 ^^-^CFG 3.9 110^  
2ST-3IG-C2 ^^ A^BCEG ^4.9^ ^'^BCEG ®^^ EG 
CB-2ST_1IG-C3 207, 47.7,^ 3 3.23;;% 1032,^  
1ST-1IG-C5 ^^ A^BCDF 47.1cDE '^ScEF °^^ EF 
CO parents ^^ B^CDFG ^^'^B 
L.S.D.(0.05) 12 1.2 0.2 2 
^eans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-11G-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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Table B12. Mean values for the selection strategies and the CO parents 
for AP6 late maturity populations at Ottumwa in 1984 
Traits 
Strategy 
Yield Lodging Height 
(g m (score) (cm) 
1ST-1IG-C3 
2ST-1IG-C3 
1ST-3IG-C3 
2ST-3IG-C2 
CB-2ST-1IG-C3 
1ST-1IG-C5 
CO parents 
L.S.D.(0.05) 
225 
EFG 
237 EG 
209, 
226 
BEG 
231 BCFG 
227 
BCEF 
207, 
11 
^•^DEFG 
^•^CEFG 
•^^ BCDEG 
'^ •^ CDFG 
^'^CDEF 
4.4, B 
0 . 2  
114 ACDEFG 
117 ABDF 
117 ABCF 
114 ABCDEG 
109 BFG 
111 BEF 
117 BCDF 
e^ans with subscript A do not differ from CO parents, B do not 
differ from 1ST-1IG-C3, C do not differ from 2ST-1IG-C3, D do not differ 
from 1ST-3IG-C3, E do not differ from CB-2ST-1IG-C3, F do not differ from 
2ST-3IG-C2, and G do not differ from 1ST-1IG-C5 at the 0.05 probability 
level based on least significant difference test. 
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APPENDIX C: MEAN VALUES FOR PARENT OF EACH ALTERNATIVE SELECTION 
STRATEGY, CYCLE 0 PARENTS, AND CHECK CULTIVARS 
AVERAGED ACROSS FOUR ENVIRONMENTS 
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Table Cl. Mean values for parents of the early subpopulations of each 
alternative selection strategy, cycle 0 parents, and check 
cultivars averaged across four environments 
Entry Yield Maturity Lodging Height 
Designation (g m~^) (days) (score) (cm) 
1ST-1IG-C3 
A83-461024 254 20.3 2.0 79 
25 245 23.5 2.2 81 
26 240 20.0 1.5 69 
27 234 23.2 1.9 80 
28 244 29.0 2.2 94 
29 246 25.7 2.0 84 
30 252 23.0 1.7 71 
31 239 21.4 1.6 61 
32 235 21.5 1.8 61 
33 259 29.0 2.2 95 
2ST-1IG-C3 
A83-461034 244 21.2 1.7 73 
35 255 26.5 1.7 85 
36 250 23.3 2.3 74 
37 275 27.2 1.9 75 
38 254 • 22.2 1.7 73 
39 255 28.3 2.2 80 
40 280 24.2 1.8 72 
41 227 28.8 2.0 93 
42 262 26.3 1.9 67 
43 267 27.7 1.6 85 
1ST-3IG-C3 
D14 205 21.0 1.7 65 
15 233 27.2 2.0 86 
16 220 31.2 3.2 87 
17 221 27.2 2.3 74 
18 237 22.0 2.2 89 
19 271 26.0 2.6 88 
20 241 31.5 2.5 101 
21 231 26.7 2.4 83 
22 250 19.0 2.3 82 
23 210 23.5 1.8 79 
Table Cl. (continued) 
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Entry-
Designation 
Yield 
(g m"^ ) 
Maturity 
(days) 
Lodging 
(score) 
Height 
(cm) 
A83-451064 
65 
66 
67 
68 
69 
70 
71 
72 
73 
249 
231 
244 
227 
227 
252 
242 
241 
233 
237 
2ST-3IG-C2 
24.4 
24.2 
23.5 
22.7 
32.5 
30.0 
33.3 
26 .2  
23.8 
23.5 
1.9 
2 . 1  
1 . 8  
2 . 2  
2 . 8  
3.1 
2.4 
1.9 
2.5 
2.7 
87 
80 
77 
79 
97 
93 
105 
87 
79 
86 
A83-461044 
45 
46 
47 
48 
49 
50 
51 
52 
53 
239 
219 
267 
269 
260 
256 
251 
274 
263 
262 
CB-2ST-1IG-C3 
23.7 1.5 
25.0 1.9 
26.0 2.3 
26 .0  2 .0  
25.2 2.0 
24.3 1.6 
24.5 2.0 
28.8 2.3 
25.8 2.2 
27.2 1.9 
70 
75 
89 
77 
75 
67 
6 6  
82 
79 
67 
A83-461054 
55 
56 
57 
58 
59 
60 
61  
62 
63 
262 
234 
251 
245 
253 
245 
261 
251 
266 
252 
1ST-1IG-C5 
22.0 
23.0 
24.8 
22.8  
26.5 
23.7 
25.3 
22.7 
22.5 
25.5 
2 . 1  
1.7 
2.5 
2 . 1  
2.7 
1.9 
2 . 2  
1.9 
1 . 8  
1 . 8  
77 
67 
80 
86 
79 
73 
8 1  
79 
82 
73 
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Table Cl. (continued) 
Entry Yield Maturity Lodging Height 
Designation (g m ^) (days) (score) (cm) 
Cycle 0 Parents 
Corsoy 259 25.2 2.0 82 
Hark 228 25.8 1.7 83 
Rampage 232 21.5 1.9 76 
With 220 17.0 1.8 72 
Anoka 159 20.2 2.0 56 
Evans 191 14.5 1.3 67 
Hodgson 245 21.8 1.9 71 
M60-92 202 15.8 1.6 59 
M62-275 244 20.7 2.0 79 
Seetle 225 22.8 1.6 74 
Swift 172 15.3 2.1 66 
Dunn 216 14.7 2.1 72 
Check Cultivars 
Hodgson 78 241 22.3 1.8 74 
Weber 265 24.3 2.1 78 
Hardin 245 23.2 2.3 78 
Corsoy 79 269 26.5 2.3 85 
Hancock 265 29.5 2.2 79 
Pride B216 295 29.3 2.5 85 
Amsoy 71 232 29.2 2.3 94 
L.S.D.(0.05) 2 0.1 0.0 1 
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Table C2. Mean values for parents of the midseason subpopulations of 
each alternative selection strategy, cycle 0 parents, and 
check cultivars averaged across four environments 
Entry Yield Maturity Lodging Height 
Designation (g m~^ ) (days) (score) (cm) 
1ST-1IG-C3 
A83-462024 251 37.3 3.2 100 
25 232 39.8 3.1 107 
26 256 35.0 2.8 117 
27 208 40.3 3.9 105 
28 231 35.3 2.9 93 
29 207 33.5 3.0 103 
30 230 35.3 2.7 91 
31 212 33.7 3.2 92 
32 206 35.0 2.6 98 
33 237 36.2 3,3 94 
2ST-1IG-C3 
A83-462034 232 37.7 3.1 93 
35 237 41.0 3.3 109 
36 235 39.0 2.5 78 
37 252 39.8 3.2 98 
38 231 39.2 3.1 78 
39 233 34.3 3.2 91 
40 236 38.0 2.4 96 
41 254 32.0 2.5 78 
42 264 37.5 2.3 82 
43 254 35.8 3.1 94 
1ST-3IG-C3 
A83-462014 235 37.0 3.6 103 
15 235 35.2 3.9 101 
16 242 42.2 3.5 103 
17 232 41.7 3.7 101 
18 221 34.0 2.7 77 
19 231 41.8 4.3 108 
20 241 36.5 2.7 103 
21 209 37.5 3.7 99 
22 223 44.7 4.0 112 
23 217 33.7 3.4 101 
Table C2. (continued) 
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Entry 
Designation (g m 
Yield 
2 ) 
Maturity 
(days) 
Lodging 
(score) 
Height 
(cm) 
A83-462064 
65 
66 
67 
68 
69 
70 
71 
72 
73 
238 
232 
241 
244 
246 
218 
243 
231 
242 
259 
2ST-3IG-C2 
38.5 
40.0 
41.0 
40.8 
41.8 
42.4 
37.7 
43.7 
39.5 
34.2 
3.3 
3.3 
3.1 
3.6 
3.5 
3.3 
2 . 8  
3.3 
3.1 
3.2 
108 
107 
123 
112 
115 
98 
108 
103 
99 
101 
A83-462044 
45 
46 
47 
48 
49 
50 
51 
52 
53 
258 
250 
253 
249 
216 
259 
255 
265 
227 
251 
CB-2ST-1IG-C3 
38/7 3.6 
38.7 3.2 
39.3 2.9 
37.5 2.6 
37.7 2.2 
35.2 2.7 
38.2 2.5 
37.3 2.8 
41.8 3.2 
39.8 3.0 
84 
84 
79 
70 
88 
101 
80 
84 
93 
90 
A83-462054 
55 
56 
57 
58 
59 
60 
6 1  
62 
63 
269 
221 
223 
212 
221 
221 
237 
233 
249 
240 
1ST-1IG-C5 
41.8 
34.7 
37.0 
37.2 
39.5 
41.5 
36.8 
38.0 
35.8 
37.8 
3.5 
2.5 
2 . 8  
3.0 
3.2 
3.4 
3.2 
3.0 
2.7 
3.5 
107 
96 
93 
111 
96 
105 
98 
107 
90 
91 
Table C2. (continued) 
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Entry Yield Maturity Lodging Height 
Designation (g m (days) (score) (cm) 
Cycle 0 Parents 
L65-1342 241 27.8 2.8 92 
Woodworth 221 43.7 2.5 104 
IVR-Ex 1501 212 32.8 2.7 106 
IVR-Ex 4311 258 40.0 3.1 99 
IVR-Ex 4426 230 36.5 2.5 92 
IVR-Ex 4428 264 38.2 3.2 111 
IVR-Ex 5008 178 30.5 2.8 69 
Amsoy 71 239 35.2 2.6 110 
Beeson 251 39.2 2.8 99 
C1453 225 30.5 2.3 95 
Wells 237 33.3 1.9 93 
M59-120 209 32.5 3.3 96 
M62-263 232 30.3 2.1 81 
Check Cultivars 
Hancock 261 35.5 2.8 85 
Corsoy 79 261 31.7 2.8 101 
Pride B216 266 34.7 2.7 97 
BSR 201 253 37.2 2.7 88 
Century 245 37.3 2.1 96 
Harcor 266 33.2 2.9 98 
Pella 261 40.8 2.5 101 
L.S.D.(0.05) 3 0.1 0.0 1 
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Table C3- Mean values for parents of the late subpopulations of each 
alternative selection strategy, cycle 0 parents, and check 
cultivars averaged across four environments 
Entry Yield Maturity Lodging Height 
Designation (g m"^ ) (days) (score) (cm) 
1ST-1IG-C3 
A83-463025 221 47.8 3.6 112 
26 257 45.0 3.3 120 
27 237 43.5 4.0 113 
28 248 47.5 4.1 113 
29 233 41.8 3.3 116 
30 234 46.8 3.8 95 
31 244 41.8 3.6 102 
32 255 42.3 2.6 91 
33 234 48.2 2.6 92 
34 221 47.0 3.5 99 
2ST-1IG-C3 
A83-463035 241 50.0 4.0 123 
36 227 47.6 4.0 104 
37 273 48.7 3.7 120 
38 234 44.7 3.8 107 
39 221 42.7 3.3 100 
40 243 40.8 3.5 96 
41 254 43.0 3.0 97 
42 261 43.8 4.0 98 
43 254 46.7 3.7 120 
44 252 41.7 3.1 104 
1ST-3IG-C3 
A83-463015 241 44.0 4.0 105 
16 228 43.3 4.0 131 
17 235 46.2 3.9 101 
18 241 40.7 3.2 124 
19 242 45.2 4.0 110 
20 217 42.3 4.0 106 
21 248 47.5 3.9 109 
22 258 50.7 4.0 106 
23 245 52.0 4.0 121 
24 207 41.2 3.5 105 
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Table C3. (continued) 
Entry Yield Maturity Lodging Height 
Designation (g m ) (days) (score) (cm) 
2ST-3IG-C2 
A83-463065 263 42.5 3.8 92 
66 212 44.7 3.5 99 
67 256 40.5 3.3 99 
68 230 42.8 3.8 108 
69 271 45.0 3.5 118 
70 246 42.3 3.6 108 
71 248 48.5 3.4 100 
72 223 43.7 3.2 107 
73 228 42.0 3.5 110 
74 262 43.0 4.7 109 
CB-2ST-1IG-C3 
A83-463045 239 41.3 2.9 88 
46 224 51.2 3.7 114 
47 274 47.0 2.7 98 
48 254 43.8 3.7 104 
49 271 42.8 3.4 106 
50 245 42.7 4.1 97 
51 286 44.2 3.9 96 
52 240 47.3 4.0 102 
53 251 49.3 4.1 132 
54 264 48.6 3.9 127 
1ST-1IG-C5 
A83-463055 256 42.7 4.3 105 
56 227 41.8 3.8 102 
57 246 41.3 2.9 96 
58 255 44.8 3.3 89 
59 255 49.7 3.9 119 
60 259 45.5 3.5 108 
61 258 44.7 3.9 111 
62 224 43.8 3.8 105 
63 207 49.3 3.2 117 
64 219 46.4 4.0 99 
Table C3. (continued) 
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Entry Yield Maturity Lodging Height 
Designation (g m ) (days) (score) (cm) 
Cycle 0 Parents 
L66L-137 249 44.7 2.8 108 
L66L-144 245 46.2 3.2 113 
L66L-1359 236 45.0 3.2 107 
SL12 217 44.7 3.2 115 
Williams 239 50.6 3.2 112 
IVR-Ex 212 234 42.8 3.2 92 
IVR-Ex 4731 254 49.0 2.6 130 
Bonus 229 48.3 3.6 127 
Calland 248 43.3 3.3 105 
Cutler 71 220 49.7 3.5 117 
C1484 195 51.3 3.0 130 
Md62-3223 208 48.7 2.9 109 
Md66-1258 227 48.3 3.2 112 
Wye 220 46.2 3.2 97 
Check Cultivars 
Century 273 38.7 2 . 8  101 
Bella 266 42.3 2.8 103 
Cumberland 276 44.8 3.3 105 
Harper 274 46.7 2.5 94 
BSR 302 233 47.5 3.9 114 
Williams 82 241 48.2 3.3 112 
L.S.D.(0.05) 2 0.1 0.0 1 
